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ABSTRACT 
Lowland savannas are an especially rare variant of savanna, occurring on alluvial 
soils, and quantitative data on their structure, composition, and restoration are lacking. The 
purpose of this thesis was to assess both historical and modern vegetation composition and 
structure of lowland savannas and to determine the success of recent management of a 
lowland savanna remnant. The two studies in this thesis define and distinguish lowland 
savanna composition and structure from upland savanna and floodplain forest, as well as 
determine its historical distribution and possible flood driven disturbance regime in the 
Lower Cedar River Valley of southeast Iowa, U.S.A. Furthermore, the effects of fire and 
abiotic variables on the flora of a modern lowland savanna remnant were assessed to provide 
suggestions for restoration. 
The General Land Office survey was used to reconstruct the pre-Euro-American 
settlement vegetation of the study area. Both surveyors' descriptions and tree density were 
used to determine the distribution, composition, and structure of upland savanna, lowland 
savanna, and floodplain forest. GIS layers and soil surveys for the counties in the study area, 
were also used to determine the location of alluvial soils and flooding frequency categories 
for these communities. In the savanna remnant, burned and unburned treatments were 
compared across woodland areas, as well as those dominated by invasive Phalaris 
arundinacea (reed canary grass). Overstory and understory vegetation composition and 
abundance, elevation, ground level light, depth of inundation, soil texture, soil carbon, and 
soil nitrogen were measured in study plots and ordnated. 
Overall, our data suggested that savanna occurred in lowlands throughout the study 
area, but was compositionally similar to both upland savanna and floodplain forest. Contrary 
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to modern ecological theory, large and small diameter shade-tolerant tree species occurred in 
lowland savannas historically. There were no clear size-density relationships for tree species 
common to both uplands and lowlands indicating historical savannas were not characterized 
by large widely scattered trees. Analysis of witness tree data by flood frequency categories 
did not indicate that flooding contributed to maintaining lowland savannas. Furthermore, this 
study did not provide direct evidence of fire as a disturbance mechanism for lowland 
savannas however, historical descriptions and other research within the study area suggested 
that fire was present on the landscape. 
In the savanna remnant, burned areas had lowered tree density, but the trees did not 
have significantly increased basal area likely because burning selectively removed very small 
trees and more time is needed to detect significant differences. Ground level light only 
increased in the burned plots dominated by P. arundinacea and tree regeneration was low in 
all plots. While burned plots did not have higher floristic quality overall, there was a slight 
increase with burning in the plots dominated by P. arundinacea that had nearly a 50% 
reduction in P. arundinacea cover. High cover of P. arundinacea was associated with high 
soil carbon and nitrogen, however, it remains unknown if regular flooding is delivering 
excess carbon and nitrogen to the soil and encouraging the high abundance of P. 
arundinacea. The lack of positive fire effects in the woodland suggests one of two things. 
First, more time may be needed to detect significant differences in woodland treatments. 
Secondly, techniques commonly used in upland savanna restoration may not be useful in 
restoring lowland savannas other than for invasive species control. 
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CHAPTER 1: GENERAL INTRODUCTION 
Definition of savanna 
No single definition of "savanna" is currently accepted throughout the current 
ecological literature. Criteria for tree density and canopy cover have been proposed to help 
alleviate this problem (Anderson, 1998). Canopy cover is commonly used to define 
savannas, although densities ranging from less than 50% canopy cover (Anderson & 
Anderson, 1975; Curtis, 1959) up to nearly 100% canopy cover (Nuzzo, 1986) have been 
proposed to distinguish savanna from open prairies and closed canopy forests. In general, 
savanna lies somewhere between prairie and forest, but to what extent is debatable. There is, 
however, a general agreement that this ecosystem has been severely degraded since Euro-
American settlement and is in need of research to enhance our current knowledge of its 
composition, structure, and restoration (Packard, 1988; Bader, 2001). In a widely cited 
estimate of remaining oak savanna, Nuzzo (1986) examined the extent and status of this 
ecosystem across the Midwest and proposed that only 0.02% of the pre-Euro-American 
settlement savanna remained as of 1985. Development, agriculture, altered hydrology, and 
cessation of fire have all contributed to this loss (Abrams, 1992; Whitney, 1994; Anderson, 
1998}. 
Upland savannas in the Midwest have been characterized by a low density of 
relatively large, open-grown trees, primarily Quercus alba (white oak) and Q. macrocarpa 
(bur oak), with a graminoid dominated herbaceous layer. This partially open canopy allows 
for regeneration of shade-intolerant herbaceous and woody species such as Carex (sedges), 
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graminoids, Quercus (oak) seedlings, and fortis unique to more open habitats (Anderson, 
1998). 
Lowland savannas occur in sandy floodplains and glacial lakebeds and differ from 
other savannas because they occur on wet to wet-mesic sites with poorly drained, hydric soils 
(Curtis, 1959). Standing water may be present at certain times of the year as the water table 
is generally only a few feet from the surface. These areas were historically too wet to plow 
for agriculture so they were often grazed, sometimes intensively (Curtis, 1959; Auclair, 
1976). Based upon information from the Iowa Natural Areas Inventory, Nuzzo (1986) 
suggested that lowland savannas were historically dominated by several species of Quercus 
in the overstory and sand prairie species in the understory. More specifically, Haney and 
Apfelbaum (unpublished, 1993) suggested that Q. macrocarpa, Q. bicolor (swamp white 
oak), and to a lesser extent, Q. ellipsoidalis (northern pin oak) are currently the most 
common tree species in lowland savannas. while Bray (1958) concluded that no understory 
species were unique to savannas in general, Huj ik (1995) suggested three sedge species, 
Carex haydenii (Hayden's sedge), C. laeviconica (smoothcone sedge), and C. conoidea 
(openfield sedge) might be unique to lowland savannas. Previous research (Curtis, 1959) has 
identified lowland oak openings along floodplains, but due to intensive grazing has not 
included them in studies of savanna in general. Curtis (1959) did, however, conclude that the 
most common understory species in lowland forests were sedges, reporting 37 species in the 
genus Carex and proposed that lowland savanna was analogous to wet-mesic prairie. 
However, Hujik (1995) concluded lowland savanna was a unique ecosystem based upon both 
canopy and groundlayer composition in comparison to floodplain forest a~1d wet prairie. 
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Lowland savannas have yet to be fully described and a number of conservation 
organizations and individuals have proposed fairly disparate definitions. The Nature 
Conservancy nationally describes this community type as swamp white oak woodlands 
dominated by Q. bicolor and Q. macrocarpa. Quercus stellata (post oak), Q. rubra (red 
oak), and Q. alba are believed to be sparsely distributed on the driest portions of this wet- 
mesic community, which typically occurs on silt loam soils (Faber-Langendoen, 
unpublished, 2001). In contrast, the Nebraska Natural Heritage Program recognizes 
floodplain savannas as highly diverse communities dominated by Populus deltoides (eastern 
cottonwood), Fraxinus pennsylvanica (green ash), Acer negundo (boxelder), Andropogon 
gerardii (big bluestem), Spartina pectinata (prairie cord-grass), Panicum verigatum 
(switchgrass), and Sorghastrum nutans (Indian grass). These sites occur over deep sandy 
loam soils and are poorly drained with standing water at times, due to a shallow water table. 
Similarly, The Natural Heritage Inventory of Missouri describes lowland savannas as wet- 
mesic savannas dominated by Carya illinoensis (pecan), C. laciniosa (white hickory), Salix 
nigra (black willow), Calamagrostis canadensis (bluejoint grass), Helianthus grosseserratus 
(sawthooth sunflower), Verbena hastata (swamp verbena), Lobelia syphilitica (great blue 
lobelia), L. cardinalis (cardinal flower), Aster lateriflorus (calico aster), Polygonum species 
(polygonum), Iodanthus pinnatifidus (purplerocket), and Carex species (sedge). Annual or 
heavy rains lead to flooding due to the shallow water table under deep hardpan soils. 
Furthermore, McCarty (unpublished, 1993) described the historic structure of Missouri 
lowland savannas as having more of a closed canopy (compared to other savannas) and 
occurring in areas where fire was less intense or frequent, on deep poorly drained soil, with 
an understory dominated by fortis along with shade-tolerant grasses and sedges. Finally, 
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Michigan is known to be home to some of the largest and highest quality lowland savanna 
remnants. Fire and fluctuating water levels along the Great Lakes shoreline maintained their 
open structure (Solecki, pers. comet., INP, 2004). The Michigan Natural Features Inventory 
refers to these communities as lakeplain oak openings dominated by Q. palustris (pin oak), 
Q. hallii (hybrid between Q. macrocarpa and Q. bicolor), Q. velutina (black oak), Crataegus 
species (hawthorn), Cornus racemosa (gray dogwood), Ceanothus americanus (New Jersey 
Tea), and S. humilis (prairie willow). They typically occur on sand ridges of glacial 
lakeplains, usually adjacent to wet-mesic prairie over mildly alkaline sandy loam soils. 
Historical distribution 
Despite the variety of definitions these conservation organizations believe them to be 
a threatened ecosystem because many unpublished reports have suggested that they were 
more widely distributed historically. The Nature Conservancy rates lowland savannas as 
"G 1" meaning there are five or fewer that occur globally. Research has been conducted on 
lowland savannas in Midwestern states such as Illinois (McClain et al., 1993; Flakne, 1991; 
Solecki, pers. comet., INP, 2004), Missouri (Ladd, pers. comet., 2005), and Wisconsin 
(Hujik, 1995; Meisel et a1., 2002; Leach & Givnish, 1999, Weiher &Howe, 2003), although 
many of these reports are observational and have not been peer-reviewed. Reports on similar 
systems also exist for New Jersey (Andresen, 1956) and California (Solecki, pers. comet., 
INP, 2004). The historic and current extent of lowland savannas in Iowa has not been 
documented. 
The historical extent of lowland savannas can be estimated using General Land Office 
Survey (GLO) notes. While these records have their caveats, the GLO notes are the most 
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complete set of historic, quantitative, landscape-scale data available for the Midwest 
(Bourdo, 1956; Galatowitsch, 1990; Schulte and Mladenoff, 2001). The notes were compiled 
by government surveyors from. a township and range grid set up across the landscape prior to 
European settlement of the United States. Townships were established as thirty-six square 
miles containing thirty-six sections, each one square mile in size (Whitney &Decant, 2001). 
Surveyors recorded soils, topography, vegetation, water bodies, and anything else they 
deemed noteworthy. Section and quarter-section corners, respectively located at the 
intersection of section lines and half-way between these intersections, were permanently 
marked with a post driven into a mound of soil in prairie or by blazing (inscribing corner 
identification and coordinates) between two and four trees (Bourdo, 1956). 
Written historical accounts of the landscape supplement the GLO notes. Many early 
settler and explorer accounts describe areas of open trees with grass near rivers and creeks 
across the Midwest. For example, William Cullen Bryant (1850), an early explorer, traveled 
across west central Illinois. He gave the following description of a bottomland prairie along 
the Illinois River: 
"I proceeded through the forest to take my first look at a natural prairie. It was one of 
the wet or alluvial prairies. The soil was black, and rather moist and soft. The prairie 
itself was covered with coarse, rank grass four or five feet in height, intermingled 
with a few flowers. Here and there stood a tall and lonely tree in the midst of a 
wilderness of verdure." 
This may actually be a description of a lowland savanna. He also described the banks of the 
Rock River in Illinois as growing "majestic trees solitary or in clumps on the grassy 
acclivities, or scattered in natural parks along the lower lands upon the river, or in thick 
6 
groves along the edges of the high country". Edmund Flagg (183 8) wrote about the 
Mississippi River near St. Louis, Missouri in the mid 1800's. He compared the valley of the 
Mississippi to that of the Ohio River. He noted: "The sycamore, the elm, the linden, the 
cottonwood, the cypress, and other deciduous trees, may attain a greater diameter, but the 
huge trunks are more sparse and more isolated in recurrence". This description suggests that 
lowland savannas were not always oak-dominated. 
Many areas near streams and creeks of Eau Claire County, Wisconsin were referred 
to as "oak openings" by surveyors (Barnes, 1974). Surveyors noted areas of Cook County, 
Illinois with "very scattering timber," "thin timber," and "very poor and scrubby timber". 
Other floodplains were described as "destitute" of timber or "swampy flatwoods" containing 
Q. bicolor (Hanson, 1981 }. Vestal (1919) described the undrained flats of Cumberland 
County, Illinois as containing occasional cottonwoods and elms rather than pin oak. Dana 
(1863) pointed out that thick timber occurred along creek bottoms of southern Illinois, but 
more "varied growth" was found where the creeks "flowed over underlying limestones and 
shales". He added, the flats were "prairies suited to wet ground with trees able to sustain 
flooding in the spring and drought in the summer and fall". Leitner and Jackson (1981) later 
mentioned the bottomland "forests" of southern Illinois contained many Quercus species 
including widely spaced Q. bicolor of large diameter. 
More recently, researchers have been using these documents to recreate the historic 
vegetation of particular areas of interest. For example, based on GLO data the USGS Upper 
Mississippi River Long Term Resource Monitoring Program found forest and prairie areas 
along the Mississippi alluvial plain in eastern Missouri and Arkansas; however, areas with 12 
trees/ha were also found, indicating lowland savanna. They also found most open 
woodland/savanna communities (17 trees/ha) in floodplains along navigational pool 17, 
while dense forests (88 trees/ha) were found primarily on islands. 
Thomas and Anderson (1990) defined "savanna" as areas with more than 1 tree/ha 
and less than 46.9 trees/ha. Using this data they found that 3 8% of GLO survey points from 
the floodplains of central Illinois would be classified as savanna, with 33% of the points in 
forest and 22% in prairie. Platanus occidentalis (sycamore) along with Q. alba, A. 
saccharinum (silver maple), and Q. macrocarpa had the overall highest importance values 
and relative densities. Ulmus species (elm), P. deltoides, and Q. lyrata (overcup oak) also 
had high relative density values. 
Another way to possibly identify lowland savannas is based upon soil type. Solecki 
(pers. comet., INP, 2004) estimated the historic extent of lowland savanna in Illinois based 
on "transitional soils," meaning those soils existing between forest and prairie. Based on 
soil, 4.2% of the state (608,000 ha) was estimated to have been lowland savanna. However, 
most lowland savannas occur on alluvium, which is not included in "transitional soils" and 
therefore this method of analysis may grossly underestimate the true location of lowland 
savannas. Information alluding to remnants of lowland savanna in Canada (Wapole Island), 
Michigan (4 sites), Illinois (8 sites), Minnesota (2 sites), Missouri (3 sites), and Wisconsin (4 
sites) was also found in this same study. Historic analyses help to define and locate lowland 
savanna; however, modern vegetation surveys are also necessary to understand the function 
of this ecosystem and determine how modern sites have degraded with anthropogenic 
alteration of the landscape. 
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Current species composition and microhabitats 
Few studies describe current understory vegetation of lowland savannas, as few 
current sites are known to exist and most remnants are so severely degraded they appear as 
closed canopy floodplain forests, making them hard to identify (Solecki, pers. comet., INP, 
2004). However, studying multiple variables of even the most degraded sites can help 
determine the composition and structure of lowland savannas. It is not clear whether 
information based on upland savanna literature can effectively guide restoration and 
management efforts for lowland savannas, but two published studies suggest not. Meisel et 
al. (2002) concluded that available light and soil content, along with topography and depth of 
water table, often used as surrogates for disturbance dynamics, all help to determine the 
vegetative composition of lowland savannas whereas fire is the main driver of upland 
savanna composition and structure. Similarly, Leach & Givnish (1999) suggested that the 
variety of microsites along light and soil gradients is most likely the reason for high species 
richness in lowland as well as upland savannas. 
Light availability 
The partially open tree canopy of savannas leads to a unique mosaic of available light 
penetrating the canopy and therefore reaching the understory vegetation. This highly 
variable light regime allows for shade tolerant species to occur close to shade-intolerant 
species in the understory. Leach &Ross (1995) pointed out that plants growing under 
canopy shade may receive only 10% sunlight while those growing between trees, in light 
gaps, receive over 90% sunlight and this gradient may determine where particular species are 
present or absent. Meisel et al. (2002) found that the variation in the vegetation of lowland 
9 
savannas in Wisconsin was driven by light and soil nutrient and texture characteristics rather 
than prescribed burning. Large-scale species richness also had a strong association with 
lower canopy cover in floodplain savannas of western Wisconsin (Weiner &Howe, 2003). 
Finally, aprairie/savanna area in Illinois exhibited higher species richness, particularly for 
grasses, in areas with higher light, whereas more shade-tolerant invasive species were found 
in more closed canopy areas (Bowles &McBride, 1998). 
Huj ik (1995) found that three common species, Laportea canadensis (wood nettle), 
Viola lanceolata (lance-leafed violet), and V. sagittata (arrow-leafed violet) favored shade, 
while Anemone canadensis (meadow anemone) and Onoclea sensibilis (sensitive fern) 
favored moderate shade in lowland savannas of Wisconsin. Mentha arvensis (field mint) and 
S. pectinata (prairie cord-grass) favored sun. However, he also found that small scale 
diversity under oak trees was explained by the distance from a tree and not light availability. 
This was attributed to the affects of leaf litter, precipitation, and vapor pressure on soil 
moisture and organic matter. 
Soil properties 
Along with light, soil texture and nutrients play a key role in determining vegetation 
in any system. In fact, as stated above, a study of lowland savannas in Wisconsin found that 
the composition of the vegetation varied primarily along a soil nitrogen and organic matter 
gradient and along a tree canopy cover gradient, rather than a prescribed fire gradient (Meisel 
et al. 2002). Fortis were most common and reached maximum dominance (based on cover) 
in the middle of the soil gradient. C4 grasses dominated dry, sandy, open areas while E3 
grasses were associated with low soil moisture and low fire frequency. C3 fortis followed an 
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opposite pattern. Shrubs and vines were more frequent in areas of high organic matter, heavy 
canopy cover, and areas burned infrequently (Meisel et al., 2002). 
Disturbance dynamics 
Conservation of lowland savannas is also complicated by our lack of knowledge 
about the effects of hydrology and the role of fire (Leach &Ross, 1995). Regular flooding, 
along with a shallow water table, may aid in maintaining the open structure of lowland 
savannas; however, native seedling, sapling, and herb mortality may be high if they are 
flooded for an extended time (Menges &Waller, 1983; Kercher &Zedler, 2004). 
Bottomlands receive silt from flooding and have variable hydrology, from complete 
submergence to nearly complete xeric conditions, possibly smothering native species and 
providing open, fertile soil to encourage invasive species (Werner &Zedler, 2002; Kercher 
& Zedler, 2004). In particular, Phalaris arundinacea (reed canary grass) is highly invasive 
of regularly flooded areas and is probably promoted by deposition of silt over sandy soil 
(Barnes, 1999; Werner &Zedler, 2002). Flakne (1991) suggested that future research should 
include studies on the hydrology of lowland savannas to better tease out the role of flooding 
in maintaining lowland savannas and in transporting and encouraging invasive species. 
Although the role of fire in maintaining upland savannas is well documented, the 
interaction of fire with abiotic variables such as soil texture and nutrients, hydrology, and 
light has been little studied for lowland savannas. Prescribed burning reduced seedlings and 
saplings of shade-tolerant species by greater than one-third in Q. bicolor savannas in Illinois, 
but the results were ambiguous as to the effects on oak regeneration (Flakne, 1991). Flakne 
(1991) suggested that frequently burned lowland savannas support Q. bicolor better than 
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other Quercus species and shade-tolerant species (based on survival), but found only weak 
evidence to suggest that Q. bicolor reproduce better in burned, open savannas than in closed 
canopy woodlands. A study from B anon Woods in Illinois, also likely to be the site of 
historic lowland savanna, pointed out that lack of fire allowed the area to become a closed 
floodplain forest (McClain et al., 1993). Hamilton and Morse (unpublished, 1992) found that 
a high quality floodplain savanna at Sauganash Prairie in Cook County, Illinois, containing 
state-endangered Beckmannia sy.zigachne (slough grass), has also grown to closed canopy 
conditions with the lack of fire. Overall, small-scale species richness was found to depend 
mostly on disturbance by fire in floodplain savannas in Wisconsin (Weiher &Howe, 2003). 
Furthermore, in a savanna study along Lake Erie in Ohio, native groundlayer species richness 
increased after a spring and fall burn. Andropogon Berardi, Comptonia peregrina (sweet 
fern), H. occidentalis (western sunflower), and Lithospermum species (puccoon) increased 
with fire after one year and Helianthemum bicknellii (Canada frostweed), S. nutans, and 
Lespedeza capitata (bush clover) were new occurrences after two years (Abella et al., 2001). 
Since little information exists about fire disturbance on lowland savannas, data 
collected from fire disturbance on upland savannas may be helpful. Prescribed fire is known 
to open the canopy increasing light penetration, hinder woody species, enhance understory 
vegetation, reduce leaf litter, and enhance seed germination (Tester, 1989). For example, 
Peterson and Reich (2001) studied fire effects on an upland savanna at Cedar Creek Natural 
History Area in Minnesota. Fire intolerant tree species were common in less frequently 
burned areas while Quercus species were dominant in areas with frequent fire. Overall, tree 
density was lower in frequently burned areas and stem diameters were typically larger (20-30 
cm, as opposed to 5-10 cm in unburned areas). Frequent fire also reduced the number of 
12 
woody non-prairie species such as Corylus americana (American hazelnut) and increased the 
number of prairie shrubs such as Amorpha canescens (lead plant) and grasses at Cedar Creek 
(Tester, 1989). Furthermore, two exotic grass species, Agropyron repens (quack grass) and 
Bromus inermus (smooth brome), decreased at Cedar Creek as fire frequency increased. 
Similarly, upland savannas in Illinois developed a closed canopy of shade-tolerant species 
due to reduction of fire (Bowles &McBride, 1998). Perennial prairie species increased with 
increased fire while shade-tolerant species and woodland herbs decreased in a southern 
Illinois barren. Invasive Lonicera japonica (Japanese honeysuckle) was reduced to one-half 
its pre-burn density after two years of fire in Illinois as well (Anderson & Schwegman, 
1991). 
Study objectives 
Because studies to date have not suggested consistent management effects, or 
provided a consistent picture of how environmental variables influence tree regeneration, 
species composition, and richness, it is possible that every lowland savanna is different and 
may require unique restoration techniques. Weiher and Howe (2003) suggested that lowland 
savannas are scale dependent so management of all lowland savannas should not be based on 
any one particular savanna. For example, different variables (tree canopy at landscape 
scales, fire at local scales) create different patterns of species richness. It is important then, 
to locate and determine historic vegetative patterns of lowland savannas and to tease out 
which environmental variables and management activities play a key role in determining 
those patterns. Therefore, there were two major objectives for this study. First, General 
Land Office survey notes were analyzed to assess the historical distribution of lowland 
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savannas, distinguish their composition and structure from both upland savannas and 
floodplain forests, and to determine the role of flooding as a possible disturbance that 
maintained lowland savanna. Secondly, a modern lowland savanna was surveyed by 
measuring the effects of prescribed fire and abiotic variables including light, elevation, depth 
of flood water, and soil texture, nitrogen, and carbon on the vegetation to better understand 
its composition and structure and to determine the success of current restoration efforts. 
Thesis organization 
This thesis contains four major parts. This first chapter is a general introduction to 
lowland savannas, the current literature, and the objectives of this study. The second chapter 
is a manuscript entitled "Thinking beyond upland savannas to understand historic lowland 
savanna structure and composition in the U.S. Midwest" to be submitted to the Journal of 
Biogeography. The third chapter is a manuscript entitled "Effects of fire and abiotic 
variables on the flora of a degraded lowland savanna remnant in the U.S. Midwest" to be 
submitted to the journal Restoration Ecology. Finally, the fourth chapter is a general 
conclusion composed primarily of management recommendations for restoring lowland 
savannas for the Iowa Chapter of The Nature Conservancy. 
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CHAPTER 2: THINKING BEYOND UPLAND SAVANNAS TO UNDERSTAND 
HISTORIC LOWLAND SAVAs~TNA STRUCTURE AND COMPOSITION IN THE 
U.S. MIDWEST 
A paper to be submitted to the Journal of Biogeography 
Connie L. Dettman, Cathy M. Mabry, Lisa A. Schulte, and Heidi Asbjornsen 
Abstract 
Aim Our goal was to locate and characterize historic lowland savanna, an especially rare 
variant of savanna occurring on alluvial soils. Specifically, we examined the historic 
composition and structure of lowland savannas and compared these factors to upland savanna 
and floodplain forest. 
Location The study area is the Lower Cedar River Valley of southeast Iowa, U.S.A. 
Methods General Land Office survey records were used to reconstruct the pre-Euro-
American settlement vegetation of the study area. Tree density, based on both quantitative 
data and qualitative descriptions from the survey, was used to determine the distribution of 
three major community types: prairie, savanna, and forest. GIS layers and soil surveys for 
counties in the study area were used to determine elevation, locations of alluvial soils, and 
flooding frequency for each survey point. Tree composition was compared between upland 
savanna, lowland savanna, and floodplain forest, while simple linear regression was used to 
determine the relationship between tree size and tree density. Finally, tree size and density 
were compared across five flood frequency categories: never flooded, rarely flooded, 
occasionally flooded, commonly flooded, and frequently flooded. 
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Results Based on tree density, this study suggests that lowland savannas were historically 
present in the Lower Cedar River Valley, but broad similarities in tree composition exist 
between lowland savanna, upland savanna, and lowland forest. There were no clear size-
density relationships for tree species common to both uplands and lowlands indicating 
historical savannas -were not characterized by large widely scattered trees. Analysis of 
witness tree data by flood frequency categories did not indicate that flooding contributed to 
maintaining lowland savannas. Furthermore, this study did not provide direct evidence of 
fire as a disturbance mechanism for lowland savannas, yet indirect evidence suggests fire was 
present on the landscape. 
Main conclusions Historical patterns of tree density suggest savanna occurred in lowland 
areas, yet was compositionally similar to both upland savanna and floodplain forest. 
Contrary to current thought, large and small diameter, shade-tolerant tree species occurred in 
lowland savannas historically. Based on the GLO data, we could not conclude that flooding 
or fire alone historically maintained lowland savanna; suggesting a variety of factors were 
important in maintaining this ecosystem. 
Keywords: alluvial soils, flooding disturbance, floodplain forest, General Land Office 
Survey, lowland savanna, presettlement vegetation. 
Introduction 
In the past few decades, Midwestern oak savannas have become the focus of 
restoration, as they were once widespread but are now generally considered to be one of the 
region's rarest native ecosystems (Nuzzo, 1986; Bronny, 1989; Leach & Givnish, 1998). In 
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general, upland savannas are characterized by a low density of relatively large, open-grown 
trees, primarily Quercus species (oaks), with agrass-dominated herbaceous layer. This 
partially open canopy allows for regeneration of shade-intolerant herbaceous and woody 
species such as Carex (sedges), graminoids, Quercus seedlings, and fortis characteristic of 
more open habitats (Anderson, 1998). Historically, upland savannas were maintained by fire 
disturbance and large mammal grazing, but were also influenced by topography, climate, 
soils and the interaction of these factors with fire (Abrams, 1992; Peterson &Reich, 2001). 
These factors acted collectively to determine the species composition and structure of the 
vegetation both spatially and temporally (Curtis &McIntosh, 1951; Rodgers and Anderson, 
1979; Whitney &Steiger, 1985). 
While upland savannas have long been proposed as unique ecosystems, their structure 
is not well understood. Suggested tree density for savannas ranges from less than 50% 
canopy cover (Curtis, 1959) to 10-80% canopy cover (White, 1978). Surprisingly, in Ohio, 
areas with nearly 100% canopy cover have been considered savanna, although this is 
contrary to current thinking about savanna (Nuzzo, 1986). The Nature Conservancy (TNC) 
classifies savanna as having 10-30% canopy cover and also recognizes woodland as an 
intermediate between savanna and forest, with 30- 80% canopy cover. Although TNC 
distinguishes between savanna and woodland as community types, the two terms have more 
generally been used interchangeably (Whitney, 1994). 
Even more rare, and subject to little scientific investigation, are lowland savannas. 
These occur on alluvial soils (e.g. wet to wet-mesic sites). The water table is generally only a 
few feet from the surface so the soils are poorly drained and periodic flooding is common 
(Schulte &Barnes, 1996). Curtis (1959) first recognized lowland savannas as occurring on 
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sandy floodplains and glacial lakebeds dominated by Quercus bicolor (swamp white oak), Q. 
macrocarpa (bur oak), and Q. velutina (black oak) in the overstory and sand prairie species 
in the understory. Since then, the extent of these lowland savannas has not been well-
documented, but one proposal is that they were relatively common in river valleys and 
glacial lake basins in Iowa, Wisconsin, Illinois, and additional 1\/Iidwestern states (Nuzzo, 
1986). 
The historic structure and understory of lowland savannas in the Midwestern United 
States has likely been altered by at least three major anthropogenic influences making it 
difficult to recognize lowland savannas on our modern landscape. First, agriculturally 
unproductive soils and high flood potential make lowland savannas more conducive to 
grazing than plowing (Auclair, 1976; Schulte &Barnes, 1996). Intense grazing maintains an 
open tree canopy in the overstory, but hinders the diversity in the understory and in some 
instances can completely convert the understory to sod composed of nonnative grasses 
(Curtis, ~ 1959; Ko &Reich, 1993 ). Secondly, seed dispersal of exotic species maybe 
promoted by increased frequency and duration of flooding and silt deposition (Pysek & 
Prach, 1993; Kercher &Zedler, 2004). ~ A prime example of this is the highly invasive exotic 
grass Phalaris arundinacea L. (reed canary grass), which is a concern in lowland savannas 
because it is a particularly good invader of regularly flooded areas where silt is deposited 
over sandy alluvium, and because it easily suppresses native species (Barnes, 1999; Werner 
& Zedler, 2002). Finally, fire cessation has led to forest encroachment of upland savannas 
and has also likely contributed to the conversion of most lowland savanna into floodplain 
forest. Research on the effects of fire in upland systems has shown that landscape-scale 
disturbance by fire diversified and maintained upland savannas until European settlers of the 
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mid 19~-century suppressed fire across the landscape (Whitney, 1994). Fire cessation led to 
encroachment of upland savannas by shade tolerant species that historically occurred on 
more mesic sites, creating a dense regeneration layer and eventually a closed canopy forest 
(Thomas &Anderson, 1990; Anderson &Schwegman, 1991; 1Bowles &McBride, 1998; 
Peterson &Reich, 2001). Ecological consequences of this conversion may include inhibition 
of oak regeneration (Abrams, 1992) and conversion of the herbaceous understory to shade 
tolerant species that typify closed canopy forests (Anderson &Schwegman, 1991; McClain 
et al., 1993). 
Because current candidate lowland savannas have been so altered by anthropogenic 
effects, research on historical systems is needed to identify original lowland savanna sites 
and to establish reference conditions for restoring these sites. Gathering and assessing 
historic maps, survey notes, journals, and explorer accounts provide a reference for what an 
area looked like just prior to Euro-American settlement. These documents contain valuable 
descriptions of the landscape before any alteration and provide a basis for future management 
recommendations (Whitney & I~eCant, 2001). 
Previous research on lowland savannas has not analyzed historical data, but rather has 
focused on modern lowland savanna composition, structure, and drivers of variation in the 
species data (McClain et al., 1993; Leach & Givnish, 1999; Meisel et al., 2002). 
Interestingly, flooding has been suggested to possibly be the most significant disturbance 
mechanism of lowland savannas (Jacobson, P., pers. comet., Grinnell College, 2005); 
however, no studies have researched this interaction specifically. Lack of research has left 
many gaps in the current knowledge base of original lowland savanna distribution, 
composition, structure, and disturbance regimes. In an attempt to fill in those gaps, this study 
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used historic General Land Office (GLO) records to examine evidence for the presence of 
lowland savannas in the upper Midwest prior to Euro-American settlement. 
GLO surveys were conducted in the early nineteenth century to provide a basis for 
legal descriptions of land ownership for Euro-American settlers. An unintended benefit of 
the survey was the accrual of landscape scale vegetation data for much of eastern North 
America prior to widespread Euro-American settlement (Bourdo, 1956). The GLO surveys 
together with other historical records have increasingly been used to estimate prairie, forest, 
and savanna distribution and forest and savanna tree structure and composition of eastern 
regions just prior to settlement (Whitney & DeCant, 2001). These studies have been 
motivated by the desire to understand the relationship between abiotic factors, disturbance, 
and species composition before anthropogenic alteration in order to quantify the impact of .-
human disturbance, its long-term legacy, and how it may deviate from natural disturbance 
regimes (Whitney, 1994). Increasingly, however, these studies are being motivated by the 
need to establish reference conditions for restoration (Galatowitsch, 1990; Asbjornsen et al., 
2005), where reference information on pre-settlement disturbance and composition are used 
to provide potential end points for restoration, evaluate restoration success, and guide the use 
of disturbance such as prescribed fire as a management tool. The GLO records are the most 
complete, if not the only, spatially explicit and detailed quantitative vegetation data available 
for this approach (Schulte & Mlandenoff, 2001). 
More specifically, by thorough analysis of the GLO records, this study examines the 
following five hypotheses in regard to the study area: (1) savanna historically occurred on 
both alluvial and non-alluvial soils (lowlands and uplands), (2) historical tree species 
composition differed between savannas on alluvial soils and those on non-alluvial soils, as 
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high landscape position encourages species tolerable of drought and nutrient poor soils, while 
low landscape position encourages species adapted to rich, moist edaphic conditions, (3 ) 
historical tree composition was similar in forest and savanna across alluvial soils due to 
similar landscape position and soil moisture, however, the savanna also included mesic 
Quercus species due to greater light availability, (4) historical tree size was inversely related 
to tree density across the landscape because greater disturbance frequency in savannas would 
promote existence of fewer large trees while less disturbed forests would contain more small 
trees, and (5) more frequently flooded areas had lower historical tree density due to inhibited 
regeneration of new seedlings and suffocation of saplings by periodic inundation. 
Materials and Methods 
Study area 
The study area is the Lower Cedar River Valley and surrounding uplands of southeast 
Iowa, U.S.A. The study area includes 18 townships within Muscatine, Louisa, and Cedar 
counties and includes the floodplain of the Cedar River, its confluence with the Iowa River, 
and their route to the Mississippi River, covering approximately 100 km of river and 168,000 
ha in total (Figure 1). The climate is humid continental with warm to hot summers and long, 
cold winters. The average summer temperature is 77 °F and winter temperatures can reach a 
minimum of —15 °F. The average growing season is 169 days with an average annual 
precipitation of 86.4 cm per year, with periodic drought. This climate results in a flora that 
includes what has been described as the "Ozarkian element" (Roosa et al., 1984), implying 
some of the species are those typically found farther south in IVlissouri such as Fraxinus 
quadrangulata Michx. (blue ash), Sassafras albidum (Nutt.) Nees (sassafras), Carya 
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illinoensis (Wangenh.) K. Koch (pecan), Rhexia virginiana L. (meadow beauty). Some of 
the more typical tree species of this area include Q. stellata Wangenh. (post oak), Q. velutina 
(black oak), Q. imbricaria Michx. (shingle oak), Cercis canadensis L. (redbud), Betula nigra 
L. (river birch), Salix nigra Marsh. (black willow), and Gleditsia triacanthos L. (honey 
locust) (van der Linden &Farrar, 1993). 
The study area lies within glacial Lake Calvin with erosional and depositional 
landscape features created by glaciers, wind, and water. Two major landforms are dominant 
within the area: the Mississippi alluvial plain and the southern Iowa drift plain (Prior, 1991). 
Topography ranges from lowlands along the river floodplains to moderately steep blufflands. 
Older floodplain terraces occur above the current floodplain of the Cedar, Iowa, and 
Mississippi rivers. The soils are poorly to moderately-well drained alluvium, till, and loess 
comprised primarily of sands with some clays and loams. Parent materials are primarily 
limestone and shale (IDNR NRGIS, 2005). 
Historic plat maps, illustrations of plant communities at the township scale by land 
surveyors' from 1836-183 8, depict the area as a mosaic of forest, prairie, barrens (savanna), 
and swamp (IDNR NRGIS, 2005). Current land use in southeast Iowa is similar to that of 
the rest of the state. Statewide, over 99°Io of the native prairie, nearly 90% of the native 
wetlands, and two-thirds of the original forest have been converted to agriculture (Bishop et 
al., 1998; Jungst et al., 1998; Smith, 1998). Savanna has been lost from a combination of 
timber harvesting and conversion to agriculture (Auclair, 1976}. In addition, the change in 
land use has resulted in a dramatically altered flow regime of the Cedar River. Annual 
streamflow has increased by 60% over the past several decades and the frequency of flood 
events has doubled (USGS, 2004). Today, several conservation agencies are working 
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together to preserve a range of habitats in the valley, including wetlands, sand prairies, peat 
bogs, fens, floodplain forests, oak savannas, and sedge meadows. Water quality monitoring, 
private landowner education, a fire learning network, and land acquisition are part of their 
efforts to preserve this area permanently. 
Estimate of pre-Euro-American vegetation 
The surveyor notes from the General Land Office (GLO) survey are the most 
complete dataset available to estimate presettlement vegetation, despite their recognized 
limitations. These limitations include inconsistent descriptions between surveyors of similar 
vegetative types, bias in the size of witness trees, and errors in species identification (Bourdo, 
1956; Galatowitsch, 1990; Whitney, 1994; Schulte and Mladenoff, 2001). The survey 
consisted of two components: first, to establish the township and range lines, and second, to 
establish the section lines within townships. Townships were established as thirty-six square 
miles containing thirty-six sections, each one square mile in size (Whitney ~ Decant, 2001). 
Section and quarter-section corners, respectively located at the intersection of section lines 
and half-way between these intersections, were permanently marked with a post driven into a 
mound of soil in prairie or by blazing (inscribing corner identification and coordinates on a 
tree) between two and four trees (Bourdo, 1956). While surveyors recorded soils, 
topography, vegetation, water bodies, and anything else they deemed noteworthy, the most 
useful ecological data from the surveys are records of witness and line trees (hereafter 
referred to as `trees' ), which represent a relatively unaltered view of the early nineteenth-
century landscape and provide quantitative data on tree abundance. Surveyors recorded tree 
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species, tree diameter, and the azimuth and distance of the tree from a survey point. 
Surveying occurred from 1836-1838 in southeast Iowa by eight surveyors. 
Microfilm copies of transcribed GLO survey notes were obtained from the Iowa State 
University library. A database was created from the original notes consisting of tree species 
name, diameter, azimuth, and point-to-tree distance. Some tree entries could only be 
determined to genus due to ambiguous recordings by the surveyors and were thus lumped to 
the genus level for analysis (e.g. oak = Quercus species; elm = Ulmus species; maple = Acer 
species). Sometimes, individual surveyors used different common names and abbreviations 
in referring to the same species (e.g. thorn, w. thorn, and white thorn = Crataegus spp.}. In 
this study, Britton &Brown (1970), Rodgers &Anderson (1979), and Farrar (pers. comm., 
2005) were referenced for interpretation of ambiguously identified tree species. A unique 
identifier using township, range, and point numbers was created and used in a GIS script to 
determine the spatial location of each survey point. 
Two physiographic variables were determined for each survey point using a GIS 
(Arcview v. 3.2, UTM, Zone 15, NAD83). Elevation was determined from a digital 
elevation model (ISU GIS, 2005) and flooding frequency was determined from county soil 
surveys (ISPAID, v. 7.0, IDNR NRGIS, 2005). The soil surveys contained flood frequency 
categories based on the presence of thin layers of gravel, sand, silt, or clay in the soil profile 
deposited by floodwater, inconsistent decreases in organic matter with increasing depth, and 
the absence of horizons that form in unflooded soils. Those categories of flood frequency 
were also based upon historic local information regarding extent and levels of flooding as 
well as landscape position of each soil in relation to historic floods (Dankert, 1989). The five 
categories of flood frequency were numerically coded for analysis as "never flooded" = 0 
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(flooding is not probable), "rarely flooded" = 1 (flooding is unlikely but possible under 
unusual weather conditions), "occasionally flooded" = 3 (flooding occurs on average once or 
less in two years), "commonly flooded" = 2 {flooding occurs on average once in two years), 
and "frequently flooded" = 4 (flooding occurs on average of more than once in two years). 
An alluvial soils layer was used to determine "lowland" from "upland" in regards to savanna 
(IDNR NRGIS, 2005). 
Data analysis 
The point-centered quarter method (Cottam &Curtis, 1956) was used to calculate tree 
density by the following equations: (1/MA)(107600 ft2/ha) and MA = [(~di /n)Ic*0.66ftllink]2
where: MA =mean area per tree in ft2, di =distance of tree i from corner in links for i=1.. . n, 
n =total number of trees at corner, c =multiplier based on n: if n=1, c=0.50; if n=2, c=0.66; 
if n=3, c=0.81; if n=4, c=1.00. While a range of densities has been used to describe 
savannas, we chose to follow the standards found in the primary literature to define three 
major community types: prairie = 0-1 stems/ha, savanna = 2-46 stems/ha, and forest = > 46 
stems/ha (Curtis, 1959; Anderson &Anderson, 1975; Hanson, 1981; Thomas &Anderson, 
1990). Frequency of occurrence (number of trees per species), relative dominance (%) [(total 
basal area per species /total basal area of all species) x 100], and relative importance value 
[(relative dominance +relative frequency) / (the highest importance value) x 100] were also 
calculated for each species in order to understand the influence of tree abundance, tree size, 
and the overall importance of species on this landscape. 
The community type (prairie, savanna, or forest) at each point was mapped, using a 
GIS, based on the two primary methods of identifying savanna, surveyors' descriptions and 
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tree density values, to estimate the historical distribution of savanna on alluvial and non-
alluvial soils across the study area. A contingency table was used to compare the results 
obtained from these two techniques. Species composition and corresponding relative 
dominance values were compared between savannas occurring on lowlands and those on 
uplands and between savanna and forest occurring on lowlands. 
Tree density was plotted against tree diameter for the six tree species with the highest 
overall importance values, e.g., Q. alba L. (white oak), Q. macrocarpa, Q. velutina, Populus 
deltoides Bartr. ex Marsh. (Eastern cottonwood), Ulmus americana L. (American elm), and 
Tilia americana L. (basswood), to determine the importance of tree size in distinguishing 
lowland savanna from lowland forest. A log transformation of tree density provided the most 
normal distribution of the points. Simple linear regression techniques were used to determine 
if tree size could predict tree density. The same six tree species were mapped using a GIS, 
based on the first tree recorded by surveyors at each survey sampling point, to display the 
patchiness of these species across the landscape. Furthermore, contingency tables were 
constructed to assess the spatial correlation of the first and second tree species recorded by 
surveyors both across the study area and, more specifically, on alluvial soils to assess 
clumping of tree species across the landscape. 
Finally, mean tree density and mean tree diameter were calculated for each flood 
frequency category defined above to determine if more frequent flooding maintained lower 
tree density; e.g., savanna. Analysis of variance (ANOVA) was used to determine significant 
differences in witness tree densities and tree diameters across the categories of flood 
frequency (all statistics were calculated using tree density data in DataDesk version 6.0, 
Velleman, 1997). 
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Results 
Historical distribution of savanna 
Surveyors recorded 7784 points in the Lower Cedar River Valley and its associated 
uplands. Of these, 2439 points (31 %) included trees, spanning 20 genera and 32 known 
species (Table 1). There were no trees recorded at the majority of the points, which indicated 
that open land or prairie historically dominated the study area. Based upon the surveyors' 
descriptions, 24°Io of the vegetation was categorized as "prairie," seven percent as "savanna," 
and 13% as "forest". The remaining 56% of the points were categorized by surveyors as 
river, pond, quarry, road, trail, run, etc. Since no specific vegetation type was described at 
these points by surveyors, these points were not classified as prairie, savanna, or forest. 
Prairie included points described as prairie (19.5%), wet prairie (0,.7%), sand prairie (<0.1 °Io), 
marsh (3.3%), and plains (0.1%). Savanna included points described by the surveyors as 
barrens (0.8%), thin timber (0.8%), savanna (0.7%) woodland (0.1 %), glade (<O. l %), oak 
openings (<0.1 %), scattered timber (3.7%), and grove (0.9%). Forest included points 
described by the surveyors as timber (12.6%) and swamp (0.4%). 
Five tree species were recorded on what the surveyors described as "bluffs" including 
Q. macrocarpa, Q. alba, Carya spp. (hickory), Juniperus virginiana L. (eastern red cedar), 
and P. deltoides. However, according to surveyor descriptions most of the "bluffs" were 
dominated by prairie vegetation with no trees. Thirty-six tree species were recorded in what 
the surveyors described as "bottoms" and "areas close to rivers". While common floodplain 
species, e.g. P. deltoides, Salix spp. (willow), and Acer spp. (maple) were recorded in the 
"bottoms" and "areas close to rivers", some species typical of upland vegetation, e.g. Q. 
32 
macrocarpa, Q. alba, and C. laciniosa (Michx. f.) G. Don (white hickory), were also 
recorded. 
Categorizing community types based on density values of the trees recorded at each 
survey point resulted in 76% of the points categorized as prairie (0-1 stems/ha), 20°Io as 
savanna (2-46 stems/ha), and 4% as forest (>46 stems/ha). As these numbers suggest, tree 
density values and surveyors' descriptions were comparable in determining prairie and 
savannas across the landscape (Table 2). There was some overlap in community types 
between the two techniques but the most prominent difference was that savanna, determined 
by density (2-46 stems/ha), was most frequently called timber by surveyors (Table 2). Both 
methods revealed a landscape dominated by prairie and showed that savanna and prairie 
occurred on both upland (non-alluvial soils) and lowland (alluvial soils) areas. According to 
tree density values, forest was limited to lowland areas within the Cedar River floodplain, 
whereas according to surveyors' descriptions, forest also occurred in the uplands (Figure 2). 
Defining and distinguishing lowland savanna 
Quercus alba, Q. macrocarpa, and Q. velutina along with Carya species had the 
greatest overall frequency and the highest values for relative dominance across the entire 
study area (Table 1). In characterizing the landscape as a whole, the six overall most 
important tree species (Q. alba, Q. macrocarpa, Q. velutina, P. deltoides, U. americana, and 
T. americana) were used to demonstrate the patchiness in the distribution of trees. Results 
indicated that any given tree species most often occurred next to a tree of its same species 
(Table 3). Quercus species most often occurred near other Quercus species and the shade- 
tolerant species most often occurred next to other shade-tolerant species, suggesting 
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clumping of species over the landscape (Figure 3 and Table 3). The three Quercus species 
had similar average distances to the nearest river (Q. alba = 391 m, Q. velutina = 431 m, and 
Q. macrocarpa = 432 m}. The three shade-tolerant lowland species (non-oak) occurred, on 
average, closer to the major rivers and tributaries. Ulmus americana (289 m) and P. 
deltoides (293 m) occurred closer to the streams in comparison to T. americana (379 m). 
Ulmus americana had a more restricted distribution almost exclusively limited to the Cedar 
and Iowa Rivers in the center of the study area. 
The relationship between tree size and tree density for the six most important tree 
species across the landscape was determined using simple linear regression. All six species 
had very low rz values ranging from 0.002 up to 0.04 and high p-values ranging from 0.22 up 
to 0.98, suggesting no significant relationship between tree size and tree density. No 
differences were detected between average tree diameter for alluvial versus non-alluvial 
areas either (38 ± 6.98 cm and 38 ± 7 cm). Both large (e.g. 80-170 cm) and small (e.g. 8-18 
cm) tree species occurred throughout the landscape regardless of tree density. 
Species composition varied slightly between savanna types (upland and lowland), 
when defining savanna based on tree density. Three tree species were unique to lowland 
savannas: Tilia species (China tree), J. virginiana and C. laciniosa. Five species were unique 
to upland savanna: Juglans nigra L. (black walnut), Acer negundo L. (boxelder), F. 
pennsylvanica Marsh. (green ash), Ostrya virginiana (P. Mill.) K. Koch (ironwood), and Q. 
palustris Muenchh. (pin oak). There were also few differences in dominant tree species 
across lowland and upland savanna. Quercus alba was twice as dominant in lowland 
savanna as in upland, but Q. velutina and Q. macrocarpa were twice as dominant in upland 
savanna as in lowland. Acer species and Platanus occidentalis L. (sycamore) were more 
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dominant in lowland savanna, while Ulmus species were more dominant in upland savanna 
(Figure 4) . 
In the lowlands, eleven species were unique to savanna (2-46 stems/ha) compared to 
forest (>46 stems/ha): Populus species (aspen), Betula species (birch), F. quadrangulata, F. 
nigra Marsh. (black ash), Tilia species (China tree), Fraxinus species (gray ash), Q. stellata, 
A. saccharum Marsh. (sugar maple), Q. muehlenbergii Engelm. (chinkapin oak), J. 
virginiana, and C. laciniosa. However, only two species were unique to lowland forest: A. 
negundo and F. pennsylvanica. Once again, we found few differences in dominant tree 
species between lowland savanna and lowland forest. Q. alba was the most dominant tree 
species in both the lowland savanna and forest; however, this species was nearly twice as 
dominant in the savanna. In contrast, Q. macrocarpa and P. deltoides were twice as 
dominant in the lowland forest than in the savanna (Figure 4). 
Historical disturbance of lowland savanna 
In this study, we found no clear trend suggesting lower tree densities in more 
frequently flooded areas. In fact, the reverse trend was observed: more frequently flooded 
areas had a higher tree density on average than less frequently flooded areas (Tables 4 and 5). 
A variety of tree species occurred across all flood categories including Quercus, Carya, 
Ulmus, Acer, Betula, and Populus species. These tree species occurred in similar frequencies 
across flood categories as well. In addition, mean tree diameter was not significantly 
different across flood frequency categories (Tables 4 and 5). 
Discussion 
Historical distribution of savanna 
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Historically, savanna occurred in the lowland portions of the study area, was 
compositionally and structurally similar to both upland savanna and floodplain forest, and 
did not appear to be maintained by flooding alone. By both the criteria of surveyor's 
descriptions and the tree density values of survey points, occurrence of lowland savanna on 
alluvial soils was supported; however, there were some differences between the qualitative 
and quantitative descriptions of the landscape. This could mean one of two things. 
Surveyors' qualitative descriptions may have varied among surveyors and across landscapes, 
e.g., an area with a few trees growing in a dense mat of grasses may be referred to as prairie 
by one surveyor and scattered timber (savanna) by another or our quantitative categories, 
distinguishing prairie from savanna and forest, may not be accurate. The largest difference 
found [savanna, determined by density (2-46 stems/ha), frequently described as timber by 
surveyors] may be explained by the theory that historical "timber" was less dense than 
modern "timber" (forest) (Ladd, D., pers. comm., TNC, 2005). 
The overall large mean tree diameters across alluvial and non-alluvial areas suggest 
that much of the landscape within the lower Cedar River valley was in fact savanna or at 
least more open than modern forests. Historical studies, based on GL~ data, conducted in 
other areas of the Midwest have reported similar patterns. Whitney (1986) indicated that 
most of the red pine trees of Michigan's presettlement pine barrens were 30-50 cm in 
diameter which to him suggested large, isolated open-grown trees. Leitner &Jackson (1981) 
found a similar average historical tree diameter of 35.6 cm for trees along the Mississippi and 
Ohio River floodplains in southern Illinois. The majority of the trees along glacial Lake 
Chicago in Illinois were in the 25-50 cm size class as well (Hanson, 1981). In comparison to 
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forested systems, the average tree diameter was 23.6 cm for bottomland hardwoods in 
Wisconsin (Schulte ~ Barnes, 1996) and 20-30 cm for forested portions of the Mississippi 
alluvial plain in Missouri (Nelson, 1997). 
Both the qualitative and quantitative methods of assessing tree density suggest 
savanna occurred in lowlands along with uplands across the study area. These findings are 
supported by specific surveyors' descriptions of the occurrence of savanna-like communities 
in the lowlands of the study area. For example, in reference to the Iowa River within the 
study area, a surveyor wrote o 
"In the bends of this river and on the brow or bluff land are handsome groves of 
timber, such as white oak, red oak, black oak, hickory, black walnut, elm, honey 
locust, hackberry, birch, and basswood. The undergrowth is scarcely any, except ._ 
willow. The low or bottomlands are in part subject to overflowing, but are never the 
less covered with the heaviest coat of grass." 
Another surveyor described a similar habitat in a different township within the study area. 
"The principal amount of timber in this township lies in the Iowa [River] bottom, the Red 
Cedar [River] not being so well timbered." Many other early settler and explorer accounts 
also describe areas of open trees with grass near rivers and creeks across the Midwest. 
William Cullen Bryant (1850), an early explorer, traveled across west central Illinois and 
gave the following description of the banks of the Rock River. The banks were growing 
"majestic trees solitary or in clumps on the grassy acclivities, or scattered in natural parks 
along the lower lands upon the river, or in thick groves along the edges of the high country". 
Many areas near streams and creeks of Eau Claire County, Wisconsin were referred to as 
"oak openings" by surveyors (Barnes, 1974). Surveyors noted areas of Cook County, Illinois 
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with "very scattering timber," "thin timber," and "very poor and scrubby timber". Other 
floodplains were described as "destitute" of timber or "swampy flatwoods" containing Q. 
bicolor (Hanson, 1981). vestal (1919) described the undrained flats of Cumberland County, 
Illinois as being characterized by "scattering P. deltoides and Ulmus species rather than Q. 
ellisoidalis (northern pin oak)". Leitner and Jackson (1981) later mentioned that bottomland 
"forests" of southern Illinois contained many Quercus species including widely spaced Q. 
bicolor of large diameter. 
Defining and distinguishing lowland savanna 
Midwestern upland savanna is commonly referred to as "oak savanna" due to the high 
frequency and dominance of Quercus species (Anderson, 1998). In contrast, Midwestern 
hardwood forest has been defined by the presence of dense stands of shade-tolerant species, 
such as Acer, Fraxinus, and Ulmus species (Curtis &McIntosh, 1951; Whitney &Steiger, 
1985). In our study neither upland nor lowland savanna exclusively contained Quercus 
species. Further, our hypothesis that upland and lowland savanna composition would differ 
as a result of differences among species habitat preferences, especially moisture, was not 
supported. However, our second hypothesis that lowland savanna and lowland forest 
composition would overlap was supported. Several Quercus species, e.g. Q. alba, Q. 
macrocarpa, and Q. velutina, were dominant across all three communities: upland savanna, 
lowland savanna, and lowland forest (Figure 4); however, non-Quercus species had high 
dominance in these communities as well, e.g. P. deltoides, P. occidentalis, and Celtis 
occidentalis L. (hackberry). 
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Our findings are also supported by historical accounts and other research based on 
GLO records within the region. Thomas and Anderson (1990) analyzed GLO survey points 
in floodplains of central Illinois and found that Q. alba had the highest dominance and a high 
importance value and density along with Q. macrocarpa and Quercus lyrata Walt. (overcup 
oak). However, Populus occidentalis had the highest importance value and density and also 
had the second highest dominance value. Acer saccharinum L. (silver maple) had high 
dominance, importance value, and density while Ulmus species and P. deltoides also had 
high densities. Finally, Barnes (1989) found that the swamp hardwood forests along the 
Chippewa River in Wisconsin were composed primarily of "very large" A. saccharinum and 
Ulmus species. Edmund Flagg (183 8) compared the valley of the Mississippi River to that of 
the Ohio River. He noted° "The sycamore, the elm, the linden, the cottonwood, the cypress, 
and other deciduous trees, may attain a greater diameter, but the huge trunks are more sparse 
and more isolated in recurrence". Thus, both observations and GLO records suggest higher 
diversity of the species in lowland savanna than is generally found in upland savanna. 
The most widely accepted difference between savanna and forest is that generally 
savanna has larger, widely spaced trees, and forest has smaller, more closely spaced trees. 
Tree species composition is also thought to differ between these two communities as 
mentioned above (Curtis & M[cIntosh, 1951; Whitney &Steiger, 1985). We found no trend, 
however, between tree size and tree density for the tree species typical of uplands or 
lowlands. Savanna areas, when defined by both tree density and surveyors' descriptions, 
supported a mixture of both small (8-18 cm) and large (80-170 cm) diameter trees. 
Therefore, this study suggested that tree size may not be a good characteristic in 
distinguishing lowland savanna from lowland forest for purposes of restoration. 
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These findings were similar to those reported by a study in Illinois where 
presettlement savannas contained trees ranging from five to 49 cm in diarr.~eter indicating no 
size-density relationship (Anderson &Anderson, 1975). Similarly, Thom;~s and Anderson 
(1990) found that presettlement floodplains in central Illinois contained smaller trees overall 
than modern forests, but they were unsure of the reason for this pattern. Irl contrast, in 
Wisconsin, Barnes (1974) determined a very clear relationship based on modern data for Q. 
velutina trees, the dominant species in the oak openings of the study area mostly occurring 
along streams, whereby larger diameter trees were associated with lower densities, and 
smaller diameter Q. velutina trees generally had higher densities. This wa ~ consistent with 
presettlement data for the salve area (Barnes, 1974). As we interpret our unexpected 
findings, it is important to point out that the GLO records are one "snapshot in time" 
depicting only the vegetation present on the landscape during the survey and not necessarily 
reflecting patterns of succession, disturbance, or natural changes across thE; landscape 
(Schulte & Mladenoff, 2001; Asbjornsen et al., 2005). 
Historical disturbance of lowland savanna 
The primary agent maintaining the open canopy of upland savannas is fire (Curtis, 
1959; Whitney &Steiger, 1985; Anderson &Brown, 1986; Abrams, 1992; Anderson, 1998). 
However, several unpublished sources have suggested that flooding was the predominant 
mechanism for maintaining the open structure of lowland savannas. 
Our study did not provide direct evidence that flooding or fire maintained these 
communities. In a examination of the five flood frequency categories within the study area 
we found no indication that frequent flooding was associated with lower tree densities; the 
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frequently flooded areas had a mean density of 21 stems/ha while occasionally flooded and 
commonly flooded areas had mean densities of nine stems/ha and three st~~ms/ha, 
respectively. Perhaps the flooding frequency categories used in this study may not have been 
refined enough to detect our predicted patterns of tree density in regards to flooding. In sum, 
most of our study area was of relatively open structure (prairie and savanna) indicating that 
some disturbance was active on the landscape. This was supported by a sl:udy that found 
presettlement vegetation on islands in the Chippewa River in Wisconsin v~~as primarily prairie 
and open woodland or savanna (Barnes, 1989). He suggested that both fire and flooding 
were likely responsible for the open structure of these islands. The possibility of fire and 
flooding acting synergistically to maintain open canopied lowland areas is intriguing and 
should be further investigated. 
The GLO records did not include historic fire descriptions; howevE;r, indirect 
evidence from historical accounts and a palynological study near our research site suggest 
fire was prevalent on the landscape. A book of miscellaneous facts about 1:he town of 
Muscatine, Iowa, adjacent to our study area, includes a description of how the town was 
named. Several historians believe the name came from the Native American word 
"Musquitine" meaning "Burning Island" as every fall the prairie grass would burn off 
(Carlson, 1995). In recalling the history of Muscatine County, Iowa, Richman (1911) reports 
the "fires set out by Indians or settlers, sometimes purposely and sometimes permitted 
through carelessness, would visit the prairies every autumn and sometimes the forests, either 
in autumn or spring." Similarly, a modern study by Baker et al. (1987) found direct evidence 
for fire at Nichols Marsh, two miles north of our study area, in the form of charcoal 
fragments throughout a column of peat. Samples taken from post-settleme:r~t deposits did not 
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contain charcoal, but samples from pre-Euro-American settlement, dating back 1000 years or 
more, did contain charcoal. These findings suggest that woody tree specif~s did not gain a 
strong foothold around the study area until fire was suppressed after settlement. 
Conclusions 
Based on both GLO witness tree density and early surveyors' descriptions, we found 
evidence that lowland savannas were historically locally prevalent on alluvial soils in our 
study area. Overall, lowland savanna shares compositional characteristics with both upland 
savanna as well as floodplain forest. However, to our surprise we did not find evidence that 
lowland savannas were distinguished from closed canopy forest by large, widely spaced 
trees. Instead both had a mixture of large and small diameter trees. Furthermore, lowland 
savanna was broadly similar in composition to both upland savanna as well as floodplain 
forest. Both results contrast with upland savannas in the region, which tyf>ically are 
characterized by large, widely spaced Quercus trees. Finally, the data from our study did not 
suggest that flooding maintained lowland savannas. Perhaps fire and flooding acted together 
to maintain these systems; however this possibility could not be addressed by the GLO data 
and notes. Research on the historic flood regimes and fire dynamics of lowland savannas 
would help us understand how they were historically maintained and how ~to restore modern 
remnants. 
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Figure 1. A) The location of Iowa in the prairie-forest transition zone (Nuzzo, 1986) of the 
Midwestern United States. The darkened area on the map is the transition zone. B) Location 
of the Lower Cedar River Valley, southeast Iowa. 
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Table 1. Relative frequency, dominance, and importance value for witness tree species 
recorded by surveyors in the Lower Cedar River Valley, southeast Iowa. 
Species 
Surveyor's 
Common 
Name 
Frequency Relative 
of Dominance IV 
Occurrence (%) (%) 
Quercus alba 
Quercus macrocarpa 
Quercus velutina 
Carya spp. 
Populus deltoides 
Ulmus spp. 
Quercus rubra 
Quercus muehlenbergii 
Acer spp. 
Ulmus americana 
Tilia americana 
Juglans nigra 
Celtis occidentalis 
Plantanus occidentalis 
Betula spp. 
Quercus imbricaria 
Fraxinus spp. 
Salix spp. 
Fraxinus nigra 
Gleditsia triacanthos 
Fraxinus pennsylvanica 
Quercus palustris 
Ulmus rubra 
Populus spp. 
Fraxinus americana 
Acer saccharum 
Crataegus spp. 
Cercis canadensis 
Morus rubra 
Fraxinus spp. 
Fraxinus quadrangulata 
Carya laciniosa 
Quercus stellata 
Quercus spp. 
Acer negundo 
Ostrya virginiana 
Juniperus virginiana 
Populus hybrid 
Acer saccharinum 
Betula nigra 
Carya spp. 
Carya cordiformis 
Gymnocladus dioicus 
Tilia spp. 
White Oak 
Bur Oak 
Black Oak, B. Oak 
Hickory 
Cottonwood 
Elm 
Red Oak 
Yellow Oak 
Maple 
White Elm 
Lynn, Linn 
Black Walnut 
Hackberry 
Sycamore 
Birch 
Jack Oak 
Ash 
Willow 
B 1 ack Ash 
Honey Locust, Locust 
Green Ash 
Spanish Oak 
Red Elm 
Aspen 
White Ash 
Sugar Tree 
Thorn, W . Thorn, 
Redbud 
Mulberry 
Gray Ash 
Blue Ash 
White Hickory 
Post Oak 
Oak 
Boxelder 
Ironwood 
Red Cedar 
Balm of Gilead 
W. Maple 
Water birch 
Black Hickory 
B . Hickory 
Coffee Tree 
China Tree 
465 24.8 3 100.00 
386 17.70 76.38 
363 15.82 69.94 
256 5.63 36.73 
133 6.03 26.16 
108 3.99 19.18 
78 4.36 17.22 
72 3.52 14.74 
71 2.74 12.78 
54 2.51 10.76 
42 1.37 7.04 
39 1.48 7.01 
44 1.04 6.48 
24 1.79 6.32 
37 1.22 6.25 
42 0.78 5.70 
40 0.60 5.10 
38 0.47 4.62 
19 0.52 2.96 
13 0.73 2.88 
16 0.37 2.33 
9 0.39 1.72 
10 0.30 1.62 
12 0.14 1.45 
10 0.19 1.37 
7 0.25 1.21 
White Thorn 7 0.08 0.83 
7 0.06 0.79 
5 0.12 0.73 
4 0.14 0.70 
4 0.11 0.62 
3 0.13 0.59 
3 0.10 0.51 
2 0.13 0.48 
3 0.04 0.3 8 
3 0.04 0.37 
2 0.08 0.36 
2 0.07 0.34 
1 0.04 0.18 
1 0.04 0.18 
1 0.03 0.16 
1 0.01 0.13 
1 0.01 0.13 
1 0.00 0.10 
* * Populus deltoides x Populus balsamifera hybrid. 
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Table 2. Quantitative (based on tree density) and qualitative (based on surveyors' 
descriptions) comparison of the historical vegetation based on CJeneral Land Office survey 
notes for the Lower Cedar River Valley, southeast Iowa. 
Quantitative Description 
Qualitative 
Description Savanna Prairie Timber 
Savanna 
Prairie 
Timber 
159 402 18 
122 1480 24 
341 554 71 
Table 3. Contingency tables comparing first and second witness tree species recorded by 
surveyors in the Lower Cedar River Valley, southeast Iowa: A) the entire study area and B) 
the alluvial soils area. Tree species in the tables were the most important overall in the study 
area. 
A) 
Entire Study Area 
First Witness Tree Species Recorded 
Second Witness Tree 
S •ecies Recorded 
Quercus 
albs 
Quercus 
macrocarpa 
Quercus 
ve/utina 
Populus 
deltoides 
Ulmus 
americana 
Tilia 
americana 
Quercus albs 
Quercus macrocarpa 
Quercus ve/utina 
Populus deltoides 
Ulmus americana 
Tilia americana 
92 
13 
16 
7 
77 
17 
23 
21 
76 
0 
0 
0 
0 
1 
0 
2 
0 
4 
0 
0 
2 
1 
1 
2 
0 
0 
1 
35 
0 
2 
1 
4 
0 
0 
0 
2 
B) 
Alluvial Soils Only 
First Witness Tree Species Recorded 
Second Witness Tree 
S •ecies Recorded 
Quercus 
albs 
Quercus 
macrocarpa 
Quercus 
ve/utina 
Populus 
deltoides 
Ulmus 
americana 
Tilia 
americana 
Quercus albs 
Quercus macrocarpa 
Quercus velutina 
Populus deltoides 
U/mus americana 
Tilia americana 
74 
0 
1 
0 
8 
0 
2 
2 
21 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
13 
0 
2 
0 
3 
0 
0 
0 
0 
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Table 4. Mean density of witness trees across five categories of flooding frequency for all 
survey points recorded in the Lower Cedar River Valley, southeast Iowa. 
Flood Frequency Category 
None Rare Occasional Common Frequent 
Mean Density (stems/ha) 3.98 5.18 9.27 3.24 21.61 
SE 0.38 0.80 0.96 1.76 3.05 
Mean Diameter (cm) 40.64 40.64 40.64 35.56 43.18 
SE 0.20 0.79 0.37 0.40 2.33 
Table 5. Analysis of variance for witness tree density and diameter across five categories of 
flooding frequency in the Lower Cedar River Valley, southeast Iowa. 
Analysis of Variance For Tree Density 
of Flood Frequency Categories 
Sums of Mean 
Source df Squares Square Probability 
Flood Frequency 4 87.41 21.85 0.7598 
Error 5 234.03 46.81 
Total 9 321.44 
Analysis of Variance For Tree Diameter 
of Flood Frequency Categories 
Sums of Mean 
Source df Squares Square Probability 
Flood Frequency 4 20.48 5.12 0.9998 
Error 5 3467.45 693.49 
Total 9 3487.93 
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CHAPTER 3: EFFIECTS OF FIRE A,ND ABIOTIC VARIABLES ON THE FLORA 
OF A DEGRADED LOWLAND SAVANNA REMNANT IN THE U.S. MIDWEST 
A paper to be submitted to Restoration Ecology 
Connie L. Dettman, Cathy M. Mabry, &Heidi Asbjornsen 
Abstract 
Lowland savannas are a rare variant of savanna, occurring on alluvial soils. 
Quantitative data on their structure, composition, and restoration are lacking. The 
relationship between fire, floristic composition, and abiotic variables was assessed in a 
lowland savanna in southeast Iowa, U.S.A. Burned and unburned treatments were compared 
in two vegetation types: areas with woodland cover and open areas dominated by invasive 
Phalaris arundinacea (reed canary grass). Data were collected from fifteen 20 x 20 m plots 
in each of these strata. Composition and abundance of the overstory and understory 
vegetation layers, elevation, ground level light, depth of flood water, and soil texture, carbon, 
and nitrogen were measured for each plot during the 2005 growing season. Burned plots had 
lowered tree density, but not significantly increased basal area. Ground level light only 
increased in the burned P. arundinacea dominated plots and tree regeneration was low in all 
plots. The woodland plots had the overall highest native species richness and floristic quality 
in the understory, likely due to lower initial P. arundinacea cover. Plots dominated by P. 
arundinacea had nearly a 50% reduction in P. arundinacea cover and a slight increase in 
floristic quality. High abundance of P. arundinacea was associated with high soil carbon and 
nitrogen, but it remains unknown if regular flooding is driving this correlation. The lack of 
positive fire effects in the woodland suggests more time is needed to detect significant 
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differences and techniques used in upland savanna restoration may not be useful in restoring 
lowland savannas other than for invasive species control. 
Keywords: abiotic variables, Carex, lowland savanna, Phalaris arundinacea, prescribed fire, 
Quercus, soil carbon, soil nitrogen. 
Introduction 
At the time of Euro-American settlement of the U. S . Midwest starting in the early 
1800's, savannas, a vegetation type characterized by scattered trees and a grass and forb 
dominated understory (Rebertus &Burns, 1997; Bowles &McBride, 1998; Leach & 
Givnish, 1998}, may have encompassed 11-13 million ha of the landscape (Nuzzo, 1986). 
Currently, remaining savanna may be less than once percent of the original (Nuzzo, 1986; 
Wllltney, 1994). Thus, these once widespread habitats are now generally considered to be 
one of the rarest native ecosystems in the region, and have increasingly become the focus of 
restoration (Nuzzo, 1986; Bronny, 1989; Leach &Givnish, 1999; Meisel et al., 2002). 
While savannas have long been proposed as distinct ecosystems, characterization of 
their structure varies widely by author and region. Suggested tree density for savannas 
ranges from less than 50% canopy cover (Curtis, 1959) to 10-80% canopy cover (White, 
1978). Surprisingly, in the past, areas in Ohio with nearly 100% canopy cover have been 
considered savanna (Nuzzo, 1986). The Nature Conservancy (TNC) classifies savanna as 
having 10-30% canopy cover and also recognizes woodland as an intermediate between 
savanna and forest, with 30-80°Io canopy cover. Although TNC distinguishes between 
savanna and woodland as community types, the two terms have more generally been used 
interchangeably (Whitney, 1994). 
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Even more rare, and subject to little research, are lowland savannas. These occur on 
alluvial soils (e.g. wet to wet-mesic sites). The water table is generally only a few feet from 
the surface so the soils are poorly drained and periodic flooding is common (Schulte & 
Barnes, 1996). Curtis (1959) first recognized lowland savannas as occurring on sandy 
floodplains and glacial lakebeds dominated by Quercus bicolor (swamp white oak), Q. 
macrocarpa (bur oak), and Q. velutina (black oak) in the overstory and sand prairie species 
in the understory. Since then, the extent of these areas has not been well-documented, 
although Nuzzo (1986) proposed they were relatively common in river valleys and glacial 
lake basins in Iowa, Wisconsin, Illinois, and additional Midwestern states. There is little 
quantitative data on the structure, composition, and restoration of these communities, most of 
it appearing as gray Literature such as online reports, theses, and unpublished papers and 
manuscripts. 
Most restoration plans for lowland savannas involve introducing periodic fire (Ladd, 
D., pers. comm., TNC, 2005) because of the relatively well-documented role of fire in 
maintaining upland savannas. Fire suppression beginning with Euro-American settlement of 
the area in the mid-1800's (Whitney, 1994) has led to encroachment of upland savannas by 
shade tolerant species that historically occurred on more mesic sites, creating a dense 
regeneration layer and eventually a closed canopy forest (Thomas &Anderson, 1990; 
Anderson & Schwegmann, 1991; Bowles &McBride, 1998; Peterson & lZeich, 2001). 
Ecological consequences of this conversion may include inhibition of oak regeneration 
(Abrams, 1992) and conversion of the herbaceous understory to shade tolerant species that 
typify closed canopy forests (Anderson & Schwegman, 1991; McClain et al., 1993}. 
Savanna restoration generally involves reintroducing fire, often along with selective cutting, 
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in order to reach the goal of a more open canopy (e.g. to reduce density and increase mean 
basal area), and to increase the light available to the ground layer {Bowles &McBride, 1989; 
Tester 1989). Other goals of this restoration treatment are to inhibit the regeneration of fire 
intolerant woody species, to increase the diversity and cover of native fortis and graminoids, 
and to promote the regeneration of Quercus species {Whitney, 1994; Tester, 1996, White, 
1983). 
Unlike upland savannas, the role of fire in maintaining lowland savannas is unclear. 
Two studies that included lowland savanna in Wisconsin have suggested that fire may not be 
the predominant factor influencing the herbaceous species composition of these sites. Meisel 
et al. (2002) and Leach and Givnish (1999) found that soil texture, nitrogen, and organic 
matter and light were the most important gradients influencing lowland savanna understory 
vegetation composition. In contrast, another study based on the presettlement vegetation 
suggested that fires were frequent on sites that fit the description of lowland savannas based 
upon the presence of prairie, savanna, and scrub oak thickets reported in the alluvial plain of 
the Mississippi River (Nelson, 1997). Several other studies of historic vegetation have 
pointed to flooding as a factor that maintained the open canopy structure of lowland savannas 
(Whitney &Steiger, 1985; Schulte &Barnes, 1996; Weiher &Howe, 2003). 
At least two other factors are likely to be important considerations when restoring 
lowland savanna. First, after Euro-American settlement, cattle grazing was a widespread 
practice in the Midwest (Whitney, 1994). It maintains or results in the open tree canopy 
characteristic of savannas, but generally shifts the herbaceous layer towards exotic and 
weedy species (Mabry, 2002), and if heavy enough can completely convert the understory to 
sod of nonnative grasses (Curtis, 1959; Ko &Reich, 1993). Because lowlands often have 
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agriculturally unproductive soils and high flood potential, many may have been grazed rather 
than plowed degrading the understory, yet maintaining a relatively open overstory canopy. 
They may therefore have savanna-like canopy and structure and maybe amenable to 
restoration of the groundlayer if they can be located (Auclair, 1976; Schulte &Barnes, 1996). 
Second, invasion by exotic species may have had a greater impact on lowland compared to 
upland savannas because seed dispersal of exotic species can be promoted by increased 
frequency and duration of flooding and silt deposition (Pysek & Prach, 1993; Kercher & 
Zedler, 2004). A prime example of this is the highly invasive exotic grass Phalaris 
arundinacea (reed canary grass). It is a particularly good invader of regularly flooded areas 
where silt is deposited over sandy alluvium. Because it easily suppresses native species 
(Barnes, 1999; Werner ~i Zedler, 2002), it may be a particularly potent factor in degrading 
lowland savanna areas. 
In sum, savanna restoration has focused primarily on using fire and thinning to restore 
savanna canopy structure and to increase the richness and cover of light-loving groundlayer 
species. However, the role of fire and flooding in maintaining these sites is ambiguous. 
Several lines of research also suggest that the impact of cattle grazing may need to be 
ameliorated, and invasive species controlled, particularly P. arundinacea, in order to 
successfully restore lowland savannas. Because lowland savannas may differ in significant 
ways from upland savannas, they may require a different restoration protocol from the 
thinning and fire used for upland savannas. 
This paper presents a study conducted at a lowland savanna site acquired by TNC in 
1997 near Muscatine, Iowa, U.S.A that addressed some of these basic issues surrounding 
restoration of lowland savannas. Since purchasing the preserve in 1997, TNC has used 
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prescribed fire as a restoration tool with the following goals: to decrease tree density, to 
increase mean basal area, to control P. arundinacea, and to increase herbaceous layer 
richness, cover, and quality. Studies have shown sedge, forb, and shrub richness increases 
with fire (White, 1983; Anderson & Schwegman, 1991; Kost & DeSteven, 2000) and P. 
arundinacea dominance decreases (Henderson, 1990). Furthermore, an increase in native 
species and a decline in exotic species are used as indicators of restoration success (White, 
1983; Tester, 1989; Meisel et al., 2002). Our study assessed the effectiveness of prescribed 
burning for achieving these goals. Specifically, we hypothesize that fire-treated areas would 
have: (1) lower density and increased basal area of canopy trees, resulting in higher ground 
level light, (2) lower abundance of shade-tolerant seedlings/saplings as well as invasive and 
non-fire adapted woody species, (3) lower P. arundinacea cover, promoting higher richness 
of native herbaceous species, (4) an overall higher floristic quality (fewer exotic species and 
an increase in native species with an affinity for high quality native habitats, e.g. 
conservative species), and finally (5) that fire would explain more variation in the vegetation 
distribution and abundance than abiotic variables including elevation, ground-level light, 
depth of inundation, soil texture, and soil carbon and nitrogen. 
Materials and Methods 
Study area 
The Land of the Swamp White Oak Preserve (SWO) is located in Muscatine County, 
Iowa, U.S.A in the floodplain of the Cedar River (Figure 1). The Nature Conservancy Iowa 
Chapter owns and manages the 150 ha preserve as a G 1 community (five or fewer exist 
globally) and as an example of a rare swamp white oak woodland classified as a lowland 
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savanna. The climate of the region is humid continental with warm to hot summers and long, 
cold winters. The average summer temperature is 77 °F and winter temperatures can reach a 
minimum of —15 °F. The average growing season is 169 days with an average annual 
precipitation of 86.4 cm per year, with periodic drought. The area has relatively minor relief 
(approx. 2 m), sandy alluvial soils, and Cedar Valley Limestone parent material (IDNR 
NRGIS, 2005). 
The region lies in the middle of the prairie-forest transition zone; an ecotone between 
hardwood forest and tallgrass prairie biomes. Several lines of evidence suggest that the area 
was historically savanna. Maps of historical vegetation illustrated by early land surveyors 
depict the preserve as an area occurring between forest and prairie ecosystems, indicating an 
area of probable savanna (IDNR NRGIS, 2005). Savanna was also suggested by a broader ~-
regional analysis of GLO survey data (Dettman et al., in prep). The vegetation data was also 
supported by county soil maps (IDNR NRGIS, 2005), which showed the preserve occurs on 
transitional soils, those found between forest and prairie vegetation. 
Prior to TNC purchase in 1997, the preserve was pastured for several decades and 
portions remain so today. Neighboring private land was burned every year but the preserve 
has not burned for many decades with the exception of a fire that crossed into the preserve in 
1946 (Peterson, L., pers. comet., 2004), although the intensity and extent of the fire in the 
preserve is not known. Selective logging occurred in the 1960's (Peterson, L., pers. comet., 
2004), primarily for Quercus species and Juglans nigra (black walnut). It is likely, however, 
that the preserve was also logged many times prior to the 1960's as the nearby town of 
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Muscatine was known for its large lumber companies and the use of the Mississippi River to 
transport logs for building purposes (Richman, 1911). 
Current land use in southeast Iowa is similar to that of the rest of the state. Statewide, 
over 99% of the native prairie and nearly 90% of the native wetlands have been converted to 
agriculture as well as two-thirds of the original forest (Bishop et al., 1998; Jungst et al., 1998; 
Smith, 1998). Savanna has been lost from a combination of timber harvesting and 
conversion to agriculture (Auclair, 1976). In addition, the change in land use has resulted in 
a dramatically altered flow regime of the Cedar River. Annual streamflow has increased by 
60% over the past several decades and the frequency of flood events has doubled (USGS, 
2004). 
Currently, the preserve contains a flora that includes what has been described as the 
"Ozarkian element' (Roosa et al., 1984), implying some of the species are those typically 
found farther south in Missouri, e.g. Fraxinus quadrangulata (blue ash), Sassafras albidum 
(sassafras), Carya illinoensis (pecan), Rhexia virginiana (meadow beauty). Areas with trees 
range from closed canopy woodland to scattered trees with amulti-layered subcanopy of 
small trees and shrubs combined. These areas commonly include the following species: Q. 
macrocarpa, Q. bicolor, Q. stellata (post oak), Q. velutina, Q. imbricaria (shingle oak), 
Betula nigra (river birch), Gleditsia triacanthos (honey locust), Cephalanthus occidentalis 
(buttonbush), Cercis Canadensis (redbud), and Salix nigra (black willow) (van der Linden & 
Farrar, 1993). Recent species lists compiled for the preserve indicate asedge-dominated 
native understory, with Carex molesta (troublesome sedge), C. brevior (shortbeak sedge), C. 
lupulina (hop sedge), and C. muskingumensis (muskingum sedge) being among the most 
abundant (personal observation) along with over 300 other vascular plant species (Horton, 
63 
1998). Some of the other more prominent native species include Vitis riparia (wild grape), 
Elymus virginicus (Virginia wildrye), Eleocharis obtusa (spike rush), Eupatorium serotinum 
(late throughwort), Chaerophyllum procumbens (spreading chervil), Symphyotrichum 
lanceolatum, (white panicle aster), Stachys tenui~ folia (smooth hedgenettle), Phlox divaricata 
(wild blue phlox), Viola sororia (common blue violet), and Anemone canadensis (Canada 
anemone) (personal observation). However, many areas of the preserve, particularly those 
lacking a tree canopy, are heavily dominated by P. arundinacea and Poa pratensis 
(Kentucky bluegrass), and appear to have few native sedges, graminoids, or forbs. 
Active restorative management began in 1997 when TNC divided the preserve into 
six burn units. Five of these six units have been burned at least once. Remnant sand prairies 
also occur in the preserve and have all been burned at least once. In addition, one five acre 
area was set up by TNC as a demonstration area that was treated with mechanical tree 
removal (only nut-bearing trees were left standing) and two prescribed burns to demonstrate 
the effect of more intensive restoration. 
Study design and data collection 
Because TNC divided the preserve into six management units (see above), the study 
area was stratified according to those units, however, fire intervals and season of burn were 
not set up for controlled comparison among burn units. (Figure 2). Sixty-seven plot 
locations were randomly selected using a GIS (Arcview v. 3.2). Fifteen of these plots were 
placed in each of the following strata: 
Unburned woodland (UW): not burned for management; with a dense sub-canopy 
layer of shrubs and vines and a dense herbaceous layer. 
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Burned woodland (BW): burned regularly for management; with a dense herbaceous 
layer. 
Unburned areas dominated by P. arundinacea (UP): not burned for management; 
dominated by P. arundinacea, few sedges and other herbs present. 
Burned areas dominated by P. arundinacea (BP): burned regularly for 
management; dominated by P. arundinacea, sedges and other herbs present. 
An additional 5 plots were placed in three small sand prairies (SP) located at the 
highest elevations within the preserve that were not subject to flooding and appeared to be 
composed of typical prairie flora on sandy soil. Two additional plots were placed in a five 
acre demonstration area (DA). The small size of the SP (< 1 acre each) and DA did not allow 
for random placement of plots so they were placed near the center of each area to minimize 
edge effects. Both the SP and DA plots were analyzed separately due to the lack of 
replication of study plots. This allowed for general comparisons between these areas and the 
four main replicated treatments (UW, BW, UP, BP); however, no overall conclusions were 
drawn regarding the SP and DA plots. 
All points were flagged and permanently marked with subsurface rerod. Plots were 
oriented 20 m north and 20 m east of the random point. Six plots were moved 10-20 meters 
from the random point to avoid ponds or, in the case of a few woodland sites, to avoid open 
patches of P. arundinacea. Plots were located and marked in early spring, 2005, and the 
groundlayer vegetation of each plot was surveyed three times during the growing season 
(e.g., May, June, and August). All herbaceous plants, shrubs, and vines in the plots were 
identified and abundance of each species was assessed according to 10 cover classes (1 = 1-
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10%, 2 = 11-20%, 3 = 21-30%,  10 = 91-100%). All trees over three cm diameter at 
breast height (dbh) were identified to species and dbh was measured. For trees containing 
multiple stems, the largest stem was measured. In order to assess tree recruitment and the 
effect of fire on woody encroachment of lowland savannas, small and large tree seedlings 
(<20 cm and 20-50 cm in height) and small and large tree saplings (50-100 cm and > 100 cm 
in height, but less than three cm dbh} were recorded in two belt transects, each 1 m wide, 
running north to south at the 5 m and 15 m points along the edge of each plot. Other tree 
seedlings/saplings occurring in the plot, but outside the belt transects, were recorded as 
present to obtain a complete species list for each plot. Nomenclature follows Flora of North 
America (1993+) and the USDA plants database (USDA, MRCS, 2005). 
Three physiographical variables were measured in the center of each plot. Prior to 
leaf out, elevation was measured as meters above sea level with a Trimble Pathfinder Pro XR 
backpack unit in UTM, Zone 15, NAD83. Depth of standing water on the surface was 
measured three times during the growing season (May, June, and July) with a meter stick. 
Plot light environment was estimated by taking one hemispherical photograph, oriented 
north, using a Nikon Coolpix 990 digital camera with a fisheye lens balanced on a level 
attached to a unipod. The percentage of open sky in each picture was analyzed using 
HemiVeiw software (HemiView 2.1, 1999). 
Soil nutrient content and texture were analyzed for three soil cores collected from 
each plot. Cores were taken from the top 15 cm and were collected from the center and two 
other randomly chosen points approximately 5 meters to the east and west of the plot center. 
The cores were composited and hand mixed in a bucket, sieved (Smm), and air-dried for 3-5 
days. Asub-sample was taken for particle size analysis using a LaMotte soil texture field kit. 
66 
A second sub-sample of 10-15 g was weighed with a Fisher Scientific XT top loading 
balance, hand mixed, ground with a mortar and pestle, sieved (market grade 40 mesh), and 
placed in 20 mL glass vials. A smaller sample of 60-80 mg was then taken from each of the 
vials for carbon/nitrogen analysis using a ThermoFinnegan Flash EA 1112 elemental 
analyzer. 
Data analysis 
Summary statistics were calculated and averaged across plots in each of the four main 
treatments (UW, BW, UP, and BP), including the overall species richness and richness of 
native and exotic species, sedges, fortis, and shrubs. The mean percent of P. arundinacea 
was also calculated because it is the most abundant exotic species present at the preserve and 
of the greatest concern for management. The measured environmental variables were 
averaged across plots within treatments. Analysis of variance (ANOVA) was used to test for 
significant differences between treatment means for all metrics (DataDesk version 6.0, 
Velleman, 1997). 
Relative density and dominance were calculated for each tree species and then 
averaged across plots within treatments according to the following equations: relative density 
(%) _ [(# of trees per species/ total # of all trees) x 100] and relative dominance (%) [(total 
basal area per species /total basal area of all species) x 100]. 
Coefficients of conservatism (CC), a metric developed for the flora of the Chicago 
region, were used to compare floristic quality among treatments (Swink &Wilhelm, 1994). 
Coefficients are a number assigned to each native species based on their affinity for native 
habitats. They range from 0-10 with species most specialized for the highest quality native 
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habitats assigned a 10, and species with the most general distribution, including habitats 
greatly modified by humans, assigned a zero (Rooney &Rogers, 2002). CC's for the Iowa 
flora were obtained from the Ada Hayden Herbarium at Iowa State University (2005). 
Because it is difficult to make reliable ecological distinctions across 10 separate categories, 
(e.g. a species with CCl may not be significantly different from a species with CC 2, etc.) for 
analysis, the CC were grouped into four new categories: 1 = CC 0-2, 2 = CC 3-4, 3 = CC 5-6, 
and4=CC7-10. 
The CC's were also used to calculate the Floristic Quality Index (FQI) for each 
treatment. FQI is similar to CC but includes species richness. Because the total plot area per 
treatment was equivalent in this study, comparisons using FQI were not confounded by 
species-area relationships (Rooney &Rogers, 2002). FQI was calculated from the following 
equation: [(mean CC) x (~ total # of species per plot)]. FQI was first determined for each 
plot and was then averaged across the plots within each of the treatments. 
In order to examine differences in composition among treatments and identify major 
gradients influencing vegetation composition and abundance, anon-metric multidimensional 
scaling (NMDS) ordination was carried out (R software package, R Development Core 
Team, 2005}. Percent cover values for the recorded species were used in the ordination with 
eight physiographical variables, four dimensions, 1000 permutations, and 20 runs of the data. 
Euclidean distance was used in the ordination of the abiotic variables since they were all 
either normally distributed or at least symmetrically distributed (McCune &Grace, 2002), 
while Bray-Curtis distance (Bray &Curtis, 1957) was used to ordinate the species data as it 
is sensitive to ecological abundance data. Vector fitting was used to show the relationships 
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between the physiographical variables and the species data. An adjusted p-value (0.05/7 = 
0.007) was used to declare a variable significant in the ordination to compensate for multiple 
comparisons. Since there were over two hundred species recorded from the plots initially, 
we reduced the number of species in the ordination using two criterion. Species were 
included in the analysis if they were in the Cyperaceae family (dominant family at SWO, of 
particular interest to TI~TC, and generally very conservative) or if they occurred in at least 
35% of the plots. This reduced the total number of species to 66, which greatly facilitated 
determination of distribution patterns in the major species found at SWO as well as visual 
representation of the data. We also carried out an ordination with the full set of species from 
the preserve in order to assess any bias introduced by analyzing the subset of 66 species. 
Results 
A total of 257 species were identified from the S WO plots during the 2005 growing 
season, of which 79 percent (203 species) were native, 18 percent (46 species) were exotic, 
and the final three percent were composed of species only identified to the genus level which 
could not be deemed exotic or native. Thirty-five percent (90 species) were perennial fortis, 
11 percent (29 species) were grasses, 12 percent (32 species) were sedges, four percent (10 
species) were shrubs, and nine percent (23 species) were trees. Seventy-one of the species 
had not been previously recorded at the preserve. Together with previously compiled species 
lists, a total of 397 species have been identified in the SWO preserve as a whole. 
Canopy tree, seedling, and sapling response to fire 
Burned plots had lower absolute tree density although there was lower relative 
density only in the BP plots compared to the UP plots (Table 1). Overall, burned plots did 
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not have significantly increased basal area (p-value = 0.84) (Table 2). There were, however, 
few consistent patterns at the species level. Quercus bicolor, the expected staple species of 
lowland savannas, had greater absolute and relative density in burned versus unburned plots, 
although it had surprisingly overall low frequency in all treatments. In fact, nut bearing tree 
species, the other expected staple type of trees in lowland savannas, in general were 
infrequent in all the plots we sampled. Most of the other trees had reduced absolute density 
in the BP versus the UP plots, although there was not a similar consistent pattern in the BW 
versus the UW plots or for relative density in any plot type. Absolute dominance followed a 
similar overall pattern as density in the BP versus the UP plots. At the species Level 
however, Q. bicolor and G. triacanthos had much greater relative dominance in the BP 
versus the UP plots reflecting the fact that these were large trees (Table 2). Fire-treated plots 
in the woodland also did not appear to have consistent differences in regards to tree density 
and dominance. Despite lowered tree density across all burned plots, significantly higher 
ground level light only occurred in the BP plots (p-value = < 0.0001) (Tables 1 and 4). 
Overall, there was little tree regeneration across the study site and too few individuals 
were present to reveal consistent trends among treatments (Table 3 ). However, a few species 
did have relatively high abundances in particular treatments including C. mollis in the UR 
plots, S. nigra in the BR plots, and U. americana in the BW plots (Table 3). Due to the low 
frequency of mature Quercus trees within the study plots it was not surprising that few 
Quercus seedlings/saplings were present in all of the plots. The one exception was Q. alba 
(white oak), which had a total of 18 seedlings/saplings across all treatments, primarily 
occurring in the UW plots (Table 3). Exotic species were not a concern, as there were only 
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two Madura pomifera (osage orange) and one Morus alba (white mulberry) saplings 
recorded across all treatments (Table 3). 
Fire, Phalaris arundinacea cover, and species richness and quality 
Perhaps the most intriguing result we found was the 50 %reduction in P. 
arundinacea cover in the BP plots compared to the UP plots (Tables 4 and 5). The BW plots 
also had lower P. arundinacea cover, but this was not significant (Tables 4 and 5, significant 
vegetation type and fire interaction). Total number of species occurring in the BP plots was 
twice as high as in the UP plots (Tables 4 and 5). The BP plots also had greater mean native 
species richness compared to the UP plots, but they also had greater mean exotic species 
richness (Tables 4 and 5). Overall wooded plots had greater total species richness and 
greater mean native species richness. The BW plots also had greater overall species richness 
and mean exotic species richness than the UW plots, but not greater mean native species 
richness. Richness of sedges and perennial fortis followed the same pattern as native species 
in the woodland treatment (Tables 4 and 6). Overall, shrub richness was low; richness of 
shrubs was higher in the BP plots than the UP plots, where shrubs were absent. In contrast 
the UW plots had greater shrub richness than the BW plots (Tables 4 and 6, significant 
vegetation type and fire interaction). 
The greatest differences in CC's were also found in the plots dominated by P. 
arundinacea. Burning was not associated with more conservative species overall (Tables 7 
and 8); however, there was a significant fire and vegetation type interaction effect (Table 8) 
reflecting the higher richness of CC4 species in the BP versus the UP plots, but the reverse in 
the BW versus the UW plots (Table 7). CC 1 richness followed a similar pattern except there 
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was a treatment effect for fire, which was associated with greater CC 1 richness in both the 
BP and BW plots versus the UP and UW plots, respectively. FQI followed a similar, 
although weaker, pattern with respect to fire (Tables 7 and 8). CC 1 and CC4 richness and 
FQI values were overall much greater in wooded plots versus P. arundinacea dominated 
plots (Tables 7 and 8). 
Because the strongest difference in vegetation composition between burned and 
unburned plots was observed for the UP and BP plots, we compared the species composition 
and abundance of these two areas in more detail. The BP treatment contained 79 understory 
woody and herbaceous species that were not present in the unburned treatment; 11 of these 
were sedges, 22 were exotic sppecies, and 46 were native, non-sedge forbs and shrubs. In 
contrast, the UP plots contained only nine species not present in the BP plots. Sedges and 
conservative grasses, forbs, vines, and shrubs unique to the BP included C. muskingumenis, 
Cyperus filiculmis (great plains flatsedge), C. festucacea (fescue sedge), Dicanthelium 
oligosanthes (few-flowered panicgrass), D. acuminatum (Lindheimer panicgrass), Cicuta 
bulbifera (bulblet-bearing waterhemlock), Allium canadense (meadow garlic), Clematis 
pitcheri (bluebill), S. interior (sandbar willow), and Cornus drummondii (roughleaf 
dogwood), while some of those unique to the UP included C. tenera (remote sedge), C. 
emoryi (Emory's sedge), C. projecta (necklace sedge), Smilax herbacea (carrion-flower), 
Menispermum canadense (common moonseed), and Teuchrium canadense (Canada 
germander) . 
While most of the species unique to the BP plots and all the species unique to the UP 
plots had less than 10 percent cover, a few species were more abundant in the BP plots. Two 
exotic grasses, Bromus inermis (smooth brome) and P. pratensis had greater than 10°Io cover 
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in the BP plots, along with six native species including D. oligosanthes, E. compressa 
(flatstem spikerush), E. palustris (common spikerush), C. muskingumensis, S. interior 
(sandbar willow), and Senicio plattensis (prairie groundsel). Eleven species unique to the BP 
plots were in CC4 and 10 species in CC3 with some of the more conservative species 
including C. muskingumenis, C. festucacea (fescue sedge), C. bulbifera, E. palustris, A. 
canadense, and C. lupulina. The rest of species unique to the BP plots were in CC 1 and 
CC2. 
Community composition and relationship to abiotic variables 
The environmental variables measured in the plots generally did not vary 
significantly (data not presented, minimum p-value = 0.61 for soil carbon) across treatments, 
although the percentage of soil nitrogen and carbon was somewhat higher in the UP plots 
than in the other plots, the percentage of silt was lower and the percentage of clay was 
somewhat higher in the BP plots (Table 4). The percentage of open sky in the BP treatment 
(92.9%) was nearly double that of the other treatments (Table 4). 
The NMDS ordination indicated that variation in species composition was strongly 
associated with soil carbon and nitrogen, and to a lesser extent with fire, light, and soil 
texture (sand and clay content) based on length and direction of vectors (Table 9). The final 
stress, a measure of how well the distance matrix is represented by the ordination plot, was 
7.2. Plots dominated by the exotic, invasive P. arundinacea clustered together on the left of 
the ordination diagram and were strongly associated with high soil carbon/nitrogen content 
primarily in the UP plots but also in some of the BP plots (Figure 3). No other species were 
associated with these P. arundinacea dominated plots. As with the univariate analysis, the 
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ordination suggested that P. arundinacea dominance was lower in the BP plots compared to 
the UP plots. A group of the BP plots clustered together on the upper portion of the 
ordination diagram were associated with high light and to a lesser extent sandy soil. 
Herbaceous species associated with these plots included Veronica peregrina (neckweed), 
Solanum carolinense (Carolina horsenettle), Conyza canadensis (Canadian horseweed), E. 
serotinum, and Oxalis species (woodsorrel) along with exotic fortis and grasses (e.g. L. 
marrubiastrum, Rumex crispus (curly dock), Taraxacum officinale (common dandelion), and 
P. pratensis) (Figure 3). Carex species associated with these plots included generalist (CC1 
and CC2) species such as C. vulpinoidea (fox sedge), C. brevior, C. leavenworthii 
(Leavenworth's sedge), C. molesta, C. gravida (heavy sedge), and C. aggregata (glomerate 
sedge) and the generalist E. obtusa (CC2) (Figure 4). A large group of typical woodland 
fortis including S. lanceolatum, E. virginicus, Phlox divaricata (wild blue phlox), S. hispida 
(bristly green-briar), A. canadensis, Viola sororia (common blue violet), Stachys tenuifolia 
(smooth hedgenettle), and Galium aparine (stickywilly) and conservative sedges including; 
C. typhina (cattail sedge), C. tenera, C. rosea (rosy sedge), C. grayi (Gray's sedge), C. 
jamesii (Dame's sedge), C. emoryii, and C. laeviconica (smoothcone sedge) clustered to the 
lower right of the ordination diagram and were associated with both the BW and UW plots 
(Figures 3 and 4). However, the only association between these woodland plots and a 
measured environmental variable was a weak one with fire (Figures 3 and 4). 
Sand prairies and demonstration area 
Although the small size of the sand prairies and demonstration area did not allow for 
replicated plots, we collected data to identify general patterns for the sites and assist with 
74 
future management efforts by TNC. The SP plots were fairly high in species richness (119 
total species) given that only five plots were sampled versus 15 for each of the replicated 
treatments where the maximum number of species recorded per treatment was 177. Both the 
SP and DA plots had the highest mean number of sedges when compared to the other 
treatments (SP = 9.6 ± 0.51 S.E., DA = 11.5 ± 0.50 S.E.). Both areas had the highest mean 
number of native species (DA = 46 ± 10 S.E. and SP = 46 ± 5.33 S.E.) and lowest mean 
percent cover of P. arundinacea (DA = 25°Io ± 0.50 S.E., SP = 10% ± 0 S.E.). However, they 
also had the highest mean number of exotic species of any area (DA =7.5 ± 0.50 S.E., SP = 
10.20 ± 1.77 S.E.), with the exception of the BP plots (9.87 ± 2.44 S.E.). The most abundant 
exotic species in these plots other than P. arundinacea include R. multiflora (multiflora rose) 
and P. pratensis. The SP plots had the highest mean number of generalist species (CC 1 = 
23.4) with a lower mean number of specialist species (CC4 = 4) compared to the other 
treatments. The DA plots had a similar mean number of generalist species (CC1 = 17.5) and 
specialist species (CC4 = 5) compared to the other wooded plots. The FQI for the SP plots 
(18.49 ± 2.40 S.E.) was higher than for the BP and UP plots, but lower than the BW and UW 
plots. The DA plots had a somewhat higher FQI (23.25 ± 1.52 S.E.) compared to other 
treatments because of the high species richness. In comparison to all of the treatments, the 
DA plots had the highest native and sedge species richness and contained a large number of 
conservative species contributing to the overall highest floristic quality. 
In the ordination, the SP plots clustered closely together and were associated with 
high light and sandy soil, but with low soil carbon and nitrogen (Figures 3 and 4). No 
particular species were strongly associated with these plots except C. molesta, which was 
also strongly associated with the open-canopied BP plots (Figure 4). Some of the species 
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unique to the SP plots such as Artemisia ludoviciana (white sagebrush), Bouteloua 
curtipendula (side-oats gramma), Juncus dudleyi (Dudley's rush), Koeleria macrantha 
(junegrass), and Onosmodium molle (softhair marbleseed) were removed from the ordination 
due to the criterion that a species must occur in at least 35% of the plots. The DA plots were 
clustered in the middle of the other woodland plots, which is where they were physically 
located on the landscape. No species were uniquely associated with these plots either. 
Discussion 
Canopy tree, seedling, and sapling response to fire 
The Swamp White Oak preserve analyzed in this study is managed as a lowland 
savanna, but restoration techniques developed for upland savannas, where most previous 
efforts have focused, may not necessarily apply to this system. Our study showed that 
burned plots did in fact have lower tree density, but this did not translate into a significant 
increase in mean basal area. Increased mean basal area may have been undetectable, 
especially in slow growing species, due to the short time frame over which prescribed 
burning has occurred (less than 10 years) (White, 1983; Anderson &Brown, 1986). Perhaps 
only small diameter trees were killed by the prescribed fire and other techniques such as 
mechanical thinning may be needed for restoration. Surprisingly, fire tolerant Quercus 
species and other nut-bearing species, typical of upland savannas, were not abundant in our 
study plots. This may be a result of random sampling as these species did occur throughout 
the preserve. Additionally, findings of Dettman et al. (in prep) suggest that tree species other 
than Quercus species were important and common in historic lowland savanna systems. This 
may suggest that the overstory structure was degraded more so than the overstory 
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composition. The burned plots also had fewer seedlings/saplings in general, but not 
specifically of shade-tolerant species as has been found in upland savannas (Anderson & 
Schwegman, 1991; Peterson ~ Reich, 2001). In fact, the highest abundance of Quercus 
seedlings/sapling occurred in the UW treatment (even though few Quercus seedling/sapling 
occurred in the study plots in general}. The lack of positive fire effects on tree regeneration 
in this system is a concern and not only suggests that other restoration techniques are 
necessary, e.g., planting tree seedlings, but also suggests that other factors may be at play, 
e.g., overpopulated deer browse, changing nutrient status, climate change, etc. (Brose et al., 
2001). Furthermore, increased light at the ground level only occurred in the BP treatment, so 
fire did not appear to increase canopy gaps in the woodland. A high dominance of S. nigra 
and B. nigra, both small stature trees, but species that thrive in low, moist, open areas was 
observed in the BP plots, likely interfering with ground level light measurements. 
In contrast, lowered tree density, increased basal area, and increased light at the 
ground-level as a result of fire is well documented in upland savannas (Tester, 1996; Bowles 
& McBride, 1998; Peterson &Reich, 2001), though is not universally found. Some studies 
suggest that fire may take over a decade to impact tree structure (White, 1983; Anderson & 
Brown, 1986), and may need to be combined with mechanical thinning (Abella, et al., 2001; 
Fule et al., 2005) because once trees reach 15-20 cm dbh they are much less susceptible to 
fire (White, 1983 ; Anderson &Brown, 1986; Anderson &Schwegman, 1991; Dey & 
Hartman, 2005; Signell et al., 2005). Fire intensity, frequency, and season of burn were not 
systematically applied across the preserve with previous management, and this may have had 
an effect on light levels as some thinning occurred in the unburned treatments. Low intensity 
fires often do not kill large, unwanted tree species in overgrown systems and infrequent fires 
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may allow time for pre-burn conditions to reestablish (Anderson &Brown, 1986; Tester, 
1989; Peterson &Reich, 2001; Signell, 2005). Management has also included random 
cutting and girdling of trees across the preserve, which may help explain the lack of 
significant light increase in the burned woodland plots. In addition, the extreme patchiness 
and heterogeneity of the study area made it difficult to clearly distinguish between the 
treatment strata across the landscape using randomly chosen sample points. 
Fire, Phalaris arundinacea cover, and species richness and quality 
We found that P. arundinacea was much less dominant (e.g. had less cover) where 
prescribed fire was used as a management tool, but most strongly in areas where it was the 
dominant species (not in the wooded plots). A similar result with prescribed fire was 
achieved in a degraded oak savanna in Wisconsin, although timing of fire, a factor we did not 
examine, also appeared to be important in reducing dominance (Henderson, 1990). Early 
spring burning (e.g. April) did not control invasion and actually appeared to accelerate it. 
However, late spring burning (e.g. mid to late May) reduced invasion by preventing seed set. 
While the reduction in P. arundinacea cover and associated increase in native species 
richness in the burned P. arundinacea plots was encouraging, P, arundinacea cover in these 
plots was still over 50% and much greater than P. arundinacea cover in the woodland plots. 
This suggests that additional restoration treatments will be needed to maintain reduced P. 
arundinacea cover and/or to reduce it further (Kost & DeSteven, 2000). 
In fact, recent research suggests that burning alone is not as effective in controlling P. 
arundinacea as protocols that involve burning and spraying with herbicide. A study in 
Oregon found that burning and mowing, separately or in combination, actually increased P. 
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arundinacea dominance in wetlands. The authors recommended the use of black fabric to 
suffocate P. arundinacea or herbicide application for at least two, preferably three years in a 
row to control invasion (Tu & Salzer, 2005). Pavelio & Kilbride (2000) found that spraying 
with herbicide and disking one year, then following up with an additional herbicide 
application the next year, reduced P. arundinacea and resulted in higher diversity in wetlands 
in Washington. Similarly, Bohnen & Galatowitsch (2005) used herbicide application to kill 
P. arundinacea and prescribed burning to remove the excess litter followed by repeated spot-
spraying and broadcast herbicide spraying to restore a wetland in Minnesota. Armen et al. 
(2005) demonstrated that the selective herbicide Sethoxydim reduced P. arundinacea 
biomass by one-half after one year of treatment; however, follow-up treatments that same 
year did not further reduce the total biomass. On the other hand, Paine & Ribic (2002) found 
that P. arundinacea was rare in riparian sites that were rotationally or continuously grazed in 
Wisconsin, perhaps a more natural control of invasion. Kercher &Zedler (2004) 
demonstrated that multiple factors (e.g. added nutrients, sediment deposition, flooding, etc.) 
working in combination increase invasion; hence, multiple management actions need to be 
instituted in order to suppress invasion. 
Even with these efforts, it is uncertain if P. arundinacea cover can be permanently 
reduced by restoration treatments due to the altered hydrology of the study area. As 
stormwater runs off of agricultural fields, it carries excess sediment and nutrients, applied in 
fertilizers and chemicals by landowners, into nearby streams and rivers (Lee et al., 1999; 
Miller &Gardiner, 2001). A growing body of evidence suggests that P. arundinacea 
invasion and cover is strongly associated with sediment deposition (Werner &Zedler, 2002; 
Maurer et al., 2003; Kercher &Zedler, 2004; Kercher et al., 2004) that reduces 
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microtopography (Werner &Zedler, 2002), promotes invader competitiveness (Maurer et al., 
2003), and is associated with nutrient enrichment (Maurer &Zedler, 2002). Once 
established, P. arundinacea has a number of other features that promote its displacement of 
native forbs and graminoids, including adaptable morphology (Maurer & Zedler, 2002; 
Miller &Zedler, 2003 ), tolerance of alternating wet and dry conditions (Miller &Zedler, 
2003), and clonal subsidy (Maurer &Zedler, 2002). Some of the most recent research on P. 
arundinacea control involves adding carbon to the soil, which enhances microbial activity 
and depletes the system of available nitrogen; therefore, creating more competition for the 
invasive grass (Paap &Nyberg, 2004). Several studies have demonstrated that carbon 
enriched soils suppress growth and expansion of P. arundinacea (Maurer et al., 2003; Paap 
& Nyberg, 2004; Perry et al., 2004). This exotic grass remains one of the biggest challenges 
for restoring lowland savannas, and it is unclear how effective novel control techniques, such 
as carbon enrichment, will be beyond the plot or stand level. 
Regardless of alternate control techniques, prescribed burning did appear to promote 
richness of both generalist and conservative understory species in the areas dominated by P. 
arundinacea in our study. This was most likely a result from the reduction in cover of the 
invasive grass (Kost & DeSteven, 2000). Similarly, Kercher et al. (2004) found that 
hydrologic disturbance and P. arundinacea dominance, acting both independently and 
possibly interactively, were correlated with lowered diversity and mean coefficient of 
conservatism in wet meadows in Wisconsin. Perhaps over time, as fire continues to reduce 
P. arundinacea, more conservative native species will become reestablished and FQI values 
will increase, particularly in the P. arundinacea dominated areas. 
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Community composition and relationship to abiotic variables 
Our data did not support our initial hypothesis that fire was more important than 
abiotic variables in explaining variation in the species data. Instead we found just the 
opposite, with a strong association between high soil carbon and nitrogen and high P. 
arundinacea cover. While the percent of carbon and nitrogen in the soil was most strongly 
associated with the variation in the species data, neither fire nor flooding appears to be 
associated with variation in these nutrients in our study. In the ordination, soil carbon and 
nitrogen separated the unburned plots dominated by P. arundinacea from all other plots; fire 
was not significant on the same axis as the carbon and nitrogen gradient. Furthermore, 
elevation, often used as a surrogate for flooding frequency (Menges &Waller, 1983), was 
not significantly associated with any axis in the ordination. We are not certain how to 
interpret this result, as it is well known that prescribed fire reduces these nutrients in the soil 
as plant litter is burned and carbon and nitrogen are released into the atmosphere (Joern & 
Keeler, 1995). It has been demonstrated that flooding increases nitrogen and carbon 
deposition as nutrients run off from surrounding agricultural fields (Lee et al., 1999; Miller & 
Gardiner, 2001). For example, Annen &Lyon (1999) found P. arundinacea was strongly 
associated with high nitrogen as well as high pH and calcium along a regularly flooded 
overflow ditch in a restored prairie-oak opening ecotone in Wisconsin. They concluded that 
flooding was likely the source of P. arundinacea seed transport into the study area. 
While our study included a measure of hydrology, e.g., depth of standing water, the 
2005 field season was exceptionally dry, yielding insufficient data for inclusion in the 
ordination. Therefore, we were unable to test directly for an association between flooding 
and high carbon and nitrogen in the soil in our study area. Furthermore, the observational 
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nature of this study created limitations to causal conclusions. It is worth noting that neither 
elevation nor silt content of the soil were important in predicting variation in understory 
species composition and distribution. We had predicted that minor relief would be important 
to the local hydrology and that silt deposition, due to flooding, would enhance exotic species 
spread (Werner &Zedler, 2002) although our study did not support those predictions. Aside 
from the significant finding mentioned above, the ordination of the species and 
environmental data from this study was generally uninformative. We suggest further 
research on flood regime and soil nutrients of lowland savannas to help explain our complex 
findings. 
Sand prairies and demonstration area 
The location and soil texture of the sand prairies and demonstration area allowed for 
greater sedge richness along with overall native understory species richness. However, 
exotic species other than P. arundinacea appear to be invading these areas. P. pratensis 
appears to be the dominant species invading these areas. Curtis & Partch (1948) determined 
that either spring or autumnal burns reduced P. pratensis dominance and allowed other native 
species to persist. In contrast, Zedler &Loucks (1969) later found that burning did not 
consistently reduce P. pratensis dominance and they determined that local site conditions 
were more important. There was no replication or comparison of before and after effects in 
the SP or DA and it is therefore not possible to recommend management based upon these 
plots. The effect of prescribed fire and mechanical thinning should be the focus of additional 
studies before being applied as a management strategy. 
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Conclusions/Recommendations 
Lowland savannas were a part of the historic vegetation in the Midwest, but today are 
restricted to a few remnants that are highly degraded from human activities. Even so, 
lowland savannas appear to be diverse communities with multiple gradients creating unique 
microhabitats and allowing for high species richness (Meisel, et al., 2002). Unlike upland 
savannas, our study suggests that the landscape position and altered hydrology of lowland 
savannas may allow invasion by P. arundinacea. Regular burning significantly reduced 
cover of P. arundinacea in our study, however, it is unknown if control measures are being 
countered by regular flooding and associated excess soil nutrients. Because of the weak 
impact of fire on the vegetation of woodland plots, our study supports the idea that lowland 
savannas are unique communities. They may not necessarily resemble upland savannas and, 
therefore, may require different management than upland sites (Meisel et al., 2002). More 
research is needed to determine the effectiveness of prescribed fire, mechanical thinning, 
herbicide application, and deer control, to determine the influence of human-induced 
flooding and nutrient deposition, and to add information to the currently weak base of 
published literature, on restoring and managing lowland savannas. 
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Figure 3. Nonmetric Multidimensional Scaling (NMDS) ordination and vector fitting of all 
species except those in the Cyperaceae family occurring in 35% of the plots at the Swamp 
White Oak Preserve, southeast Iowa. Hulls designate the four treatments, BP =burned areas 
dominated by Phalaris arundinacea, UP =unburned areas dominated by P. arundinacea, 
BW =burned woodland, and UW =unburned woodland. Species abbreviations are the first 
two letters of the genus followed by the first two letters of the species names (See appendix 
A). 
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Figure 4. Nonmetric Multidimensional Scaling (NMDS) ordination and vector fitting of all 
species occurring in the Cyperaceae family found in plots at the Swamp White Oak Preserve, 
southeast Iowa. Hulls designate the four treatments, BP =burned areas dominated by 
Phalaris arundinacea, UP =unburned areas dominated by P. arundinacea, BW =burned 
woodland, and UW =unburned woodland. Species abbreviations are the first two letters of 
the genus followed by the first two letters of the species names (See appendix B). 
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Table 1. Absolute and relative density values for all Quercus species and other canopy tree 
species that occurred in more than one treatment at the Swamp White Oak Preserve, 
southeast Iowa. Light shading indicates nut bearing trees, medium shading indicates 
subcanopy trees, and dark shading indicates erotic tree species. ~P -= burned areas 
dominated by Phalaris arundinacea, UP =unburned areas dominated by P. arundinacea, 
BW =burned woodland, and UW =unburned woodland. 
Tree 5 ~ ecies 
Q~~,~~~~us ~t~.?~ a~ 
Q~~I 4~~4ta~ T u~~~ 
Q~~~~~u►s P~~l~~~s4tr~►~ 
Qr~~r~us ~~lh~~ 
+~~  • ~ 
~a G~or~~~; c~~~~~~~sr 
Salix nigra 
Ulmus americana 
Betula nigra 
3, . ~: ~~~taegu~s ~~~r~~~l~~~ 
_~~~~~~~~~~~,~s ~_~~~~~~wg~~i 
Gleditsia triacanthos 
:. i 
x~G.y 
_ _.. . y .. 
Mean Density 
Standard Error 
Treatments 
Absolute (# of trees) 
BP 
2.00 
. 
0.00 
~~I~ 
0.00 
3.00 
l .00 
o.00 
1.25
0.47 
UP BW UW 
/r~ 
~.~~ 
.l. Y~O 
0.00 
0.00 
26.00 
21.00 
9.00 
~~~ 
.~ ~ 
18.00 . . :.:: ... ..... 
y 
' .0 
8.92 
3.07 
2.00 
~~ 
3.0~ 
4J ! ~/ 
2.~~0 
o.00 
48.00 
22.00 
7 ~~~ 
1 ~~10 
16.00 
'h4, 
11.58 
4.26 
Y~~.7 
~►~~ 
0.00 
3.t~0 
1.3.00 
o.00 
74.00 
1.00 
~~, 
22~~~~~ 
2.00 
12.0 
17.42 
8.35 
BP 
~3. . 
oa 
0.00 
C~.00 
~.J Y ~~ 
20.00 
6.60 
0.00 
20:~.~~/ 
~J t 0~ 
33.00 
6 
8.27 
3.17 
Relative (%) 
UP 
~r 
~.~~~ 
2.~0 
O.00~ 
23.00 
19.00 
8.20 
~~~o 
16.00 
6.40 
9.80 
_ 2.91 _ 
BW UW 
1.3C~ 
2.70 
2.OE~ 
io~.I 
1..30 
o.00 
33.00 
15.00 
0:40 
~~. ~J 
O.001 
I.20 
. ails 
o.00 
30.00 
0.40 
i ~ ~00 3 2.00 
11.00 4.80 
9~ ~ ~~0 
7.87 7.45 
2.91 3.29 
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Table 2. Absolute and relative dominance values for all Quercus species and other canopy 
tree species that occurred in more than one treatment at the Swamp White Oak Preserve, 
southeast Iowa. Light shading indicates nut bearing trees, mediurn shading indicates 
subcanopy trees, and dark shading indicates exotic tree species. BP =burned areas dominated 
by Phalaris arundinacea, UP =unburned areas dominated by P. arundinacea, BW =burned 
woodland, and UW =unburned woodland. 
Treatments 
Absolute (m2) Relative (°Io) 
Tree Species 
. 
Qt~er~~u,~~ . t~~~l~~r 
Qu~'Yf~I~~,S' rt~~3~'~:~! 
Q~f 'y» / a ~t i t~•yi7'~T ~~~i•~.J~ ~~~~~~i'tJttl ~•►3 
~e~yc~~~s ~►,ll~a 
. 
car~c~ ~y~»~~~~fvrn~a,s 
Salix nigra 
Ulmus americana 
Betula ni~ra 
~~~~~~~ ~~~~~1~~~ 
Gleditsia triacanthos . , .:.. .{...:,.ri..h:,a n:::r.:::. ' ~ v ~. ~< ~ '~r~.l~~~-a ~~~ r~. .: . ~ 
_.t~:. ~-.
BP UP BW UW 
0.68 
0.00 
~s~~„! 
i~.00 
0.0~~ 
0.14 
0.00 
0.00 
0,~2' 
~:1~. ~~ 
1.64 
« ' '~"~ 
tl.t~t~ 
O.c~o 
0.13 
~~~00 
0.00 
1.19 
1.00 
1.07 
0, 
rt 0 
2.42 
t 
0.62 
oy56 
~.~~ 
O,t~O 
0.1 ~? 
O.00 
0.70 
1.32 
~~.4 
0,00 
2.10 
0.3 
0.1.3 
~.~~.J 
~s~~~ 
0.7 
C~.S 8 
o.00 
1.32 
0.01 
x,47 
C,~~ 11 
0.90 
0.17 . 
BP UP B W UW 
2.90 
4~.~~~ 
~~.~~ 
~.O~ E
~J.00 
5.50 
0.11 
0.00 
~~~ 8 
~~~ 
62.48 
...r 
O.Ot~ 
O.Ot:~ 
~. • ~.f 1k.•' 
0.00 
16.7 8 
14.02 
15.08 
,6 . 
~)~0 
34.00 
913 
8.19 
8 r ~./ 6 
O. ~U 
1.4~ 
o.00 
10.24 
19.37 
~. 
0~0 
30.95 .::. t t 
1
,~j
' 
.: 
~ ♦ f ~ -. 
2.~3 
~. ~~ 
O.C10 
l x.20 
1.1.63 
o.00 
26.65 
0.23 
9~ ~ 
2~2 
18.24 
3r3 h ~ 
Mean Dominance 
Standard Error 
0.44 
0.18 
0.79
0.22 
0.52
0.18 
0.31 
0.11 
8.35
5.36 
7.46 
3.04 
8.27
2.62 
7.47 
2.54 
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Table 3. Tree seedling and sapling frequency in research plots at the Swamp White Oak 
Preserve, southeast Iowa. Light shading indicates nut bearing trees, medium shading 
indicates subcanopy trees, and dark shading indicates exotic tree species. BP =burned areas 
dominated by Phalaris arundinacea, UP =unburned areas dominated by P. arundinacea, 
BW =burned woodland, and UW =unburned woodland. 
Tree species 
ue~~~~~ rT~~ra 
~~i~~r~~ust ~z~~d 
.; 
Ct~rya ~~i~r~~~,~t~~~rrs~ 
S'alix nigra 
Ulmus americana 
Acer saccharinum 
Celtis occidentalis 
Fraxinus nigra 
Fraxinus pennsylvanica 
Prunus americana 
C~~~~g~t t~~c.~l ~i~~ 
`rc~ta~g~~~~ ~~~~~~~~~rl~i 
Gleditsia triacanthos 
Mean Fre ~ uency 
Standard Error 
Seedlings 
(<20 to 50 cm) 
BP UP B W UW 
~ 0 1. 1 
0 0 2 ~ 
0 0 5 
0 0 2 :I 3 
0 0 0 0 
0 0 45 9 
0 0 1 0 
0 0 0 3 
0 0 0 0 
0 0 2 1 
0 0 0 2 
3 0 
0 
0 4 1 
0.31 5.38 4.06 2.31 
0.18 5.3 8 2.76 0.95 
Saplings 
(50 to >100cm) 
B P UP B W UW 
0 0 I 0 
0 Q l 
0 o C~ '7 
0 0 1 8 
59 0 0 0 
0 2 3 11 
0 0 0 0 
0 0 1 0 
0 0 0 1 
0 0 1 1 
0 0 0 0 
0 0 0 3 
3.69 0.38 0.63 2.69 
3.69 0.27 0.2 0.84 
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Table 5. Analysis of variance for Phalaris arundinacea and native and exotic species 
occurring at the Swamp White Oak Preserve, southeast Iowa. Vegetation type refers to 
closed-canopied woodland versus open-canopied areas dominated by Phalaris arundinacea. 
Analysis of Variance For Phalaris arundinacea 
Sums of Mean 
Source df Squares Square Probability 
Constant 1 1570.82 1570.82 <0.0001 
VegetationType 1 212.82 212.82 <0.0001 
Fire 1 74.82 74.82 0.0015 
VegetationType*Fire 1 46.82 46.82 0.0109 
Error 56 377.73 6.75 
Total 59 712.18 
Analysis of Variance For Native Species 
Sums of Mean 
Source df Squares Square Probability 
Constant 1 4681.67 4681.67 < 0.0001 
Vegetation Type 1 3 557.40 3 557.40 < 0.0001 
Fire 1 589.07 589.07 0.0008 
Vegetation Type*Fire 1 405.60 405.60 0.0045 
Error 56 2594.27 46.33 
Total 59 7146.33 
Analysis of Variance For Exotic Species 
Sums of Mean 
Source df Squares Square Probability 
Constant 1 2053.35 2053.35 < 0.0001 
Vegetation Type 1 28.02 28.02 0.3185 
Fire 1 350.42 350.42 0.0008 
Vegetation Type*Fire 1 50.42 50.42 0.1824 
Error 56 1548.80 27.66 
Total 59 1977.65 
goo
Table 6. Analysis of variance for sedges, perennial fortis, and shrubs occurring at the Swamp 
White Oak Preserve, southeast Iowa. Vegetation type refers to closed-canopied woodland 
versus open-canopied areas dominated by Phalaris arundinacea. 
Analysis of Variance For Sedges 
Source 
Sums of Mean 
df Squares Square Probability 
Constant 
Vegetation Type 
Fire 
Vegetation Type*Fire 
Error 
Total 
1 2208.27 2208.27 < 0.0001 
1 416.07 416.07 < 0.0001 
1 29.40 29.40 0.0537 
1 52.27 52.27 0.0111 
56 424.00 7.57 
59 921.73 
Analysis of Variance For Perennial Fortis 
Source 
_ 
Sums of Mean 
df Squares Square Probability 
Constant 
VegetationType 
Fire 
VegetationType*Fire 
Error 
Total 
1 9804.82 9804.82 <0.0001 
1 1372.82 1372.82 <0.0001 
1 114.82 114.82 0.0400 
1 212.82 212.82 0.0059 
56 1453.73 25.96 
59 3154.18 
Analysis of Variance For Shrubs 
Source 
Sums of Mean 
df Squares Square Probability 
Constant 
VegetationType 
Fire 
VegetationType*Fire 
Error 
Total 
1 123.27 123.27 <0.0001 
1 86.40 86.40 <0.0001 
1 3.27 3.27 0.1066 
1 13.07 13.07 0.0018 
56 68.00 1.21 
59 170.73 
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Table 7. Coefficients of conservatism (CC) grouped by category 1 = CC 0-2, category 4 = 
CC 7-10, and Floristic Quality Index (FQI) values for two burn treatments and two controls, 
Swamp White Oak Preserve, southeast Iowa. SE is standard error. BP =burned areas 
dominated by Phalaris arundinacea, UP =unburned ~-~reas dominated by P. arundinacea, 
BW =burned woodland, and LTW =unburned woodland. 
Treatments 
COF Category BP UP BW UW 
# of species 
1 
4 
13.60 
2.80 
SE 
1.5 5 
0.46 
6.20 
1.00 
SE 
0.8 8 
0.3 2 
18.40 
4.53 
SE 
1.22 
0.62 
16.67 
5.53 
SE 
0.96 
0.60 
FQI 12.52 1.03 9.09 1.06 21.06 1.13 22.03 1.3 2 
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Table 8. Analysis of variance for coefficient of conservatism (CC) category 1 (CC 0-2, 
generalists), category 4 (CC 7-10, specialists), and Floristic Quality Index (FQI) values at the 
Swamp White Oak Preserve, southeast Iowa. Vegetation type refers to closed-canopied 
woodland versus open-canopied areas dominated by Phalaris arundinacea. 
Analysis of variance For CC1 
Sums of Mean 
Source df Squares Square Probability 
Constant 1 11288.80 11288.80 < 0.0001 
Vegetation Type 1 874.02 874.02 < 0.0001 
Fire 1 312.82 312.82 0.0003 
VegetationType*Fire 1 120.42 120.42 0.0202 
Error 56 1178.93 21.05 
Total 59 2486.18 
Analysis of Variance For CC4 
Sums of Mean 
Source df Squares Square Probability 
Constant 1 721.07 721.07 < 0.0001 
Vegetation Type 1 147.27 147.27 < 0.0001 
Fire 1 2.40 2.40 0.4417 
VegetationType *Fire 1 29.40 29.40 0.0089 
Error 56 223.87 4.00 
Total 59 402.93 
Analysis of variance For FQI 
Sums of Mean 
Source df Squares Square Probability 
Constant 1 14042.60 14042.60 < 0.0001 
Vegetation Type 1 1461.30 1461.30 < 0.0001 
Fire 1 63.55 63.55 0.0748 
VegetationType*Fire 1 70.00 70.00 0.0619 
Error 56 1079.77 19.28 
Total 59 2674.63 
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Table 9. Pearson correlations for the eight environmental factors considered in the 
Nonmetric Multidimensional Scaling (NMDS) ordination on species occurring in the Swamp 
White Oak Preserve, southeast Iowa. The adjusted p-value for multiple comparisons used to 
declare significance was 0.007. 
Variables r2 p-value 
Elevation 0.074 0.286 
Light 0.338 <0.001 
Sand 0.360 <0.001 
Carbon 0.538 <0.001 
Silt 0.031 0.731 
Clay 0.291 <0.001 
Nitrogen 0.464 <0.001 
Fire 0.455 <0.001 
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CHAPTER 4: GENERAL CONCLUSIONS 
This study was initiated by the Iowa Chapter of The Nature Conservancy (TNC) to guide 
management of their Land of the Swamp White Oak (SWO) preserve containing a lowland 
savanna. TNC is also interested in locating, protecting, and managing other lowland 
savannas in southeast Iowa. W e suggest the following general conclusions to TNC as future 
management recommendations. 
Locating, defining, and distinguishing lowland savannas 
Lowland savannas did historically exist across the landscape in southeast Iowa and 
their locations have Teen estimated in this study. Using both the criteria of surveyors' 
descriptions, and the tree density estimated at survey points, we found evidence for the 
occurrence of lowland savanna on alluvial soils. This is consistent with many early settler 
and explorer accounts that describe areas of open trees with grass near rivers and creeks 
across the Midwest a.s well as other more recent studies that have used similar techniques to 
reconstruct presettlernent vegetation (Bryant, 1850; Vestal, 1919; Barnes, 1974; Hanson, 
1981; Leitner &Jackson, 1981). 
Rather than being characterized by a unique tree species composition, however, the 
lowland savannas of southeast Iowa appeared to share species composition with both upland 
savanna and lowland forest. Savanna, in general, has often been characterized by a 
dominance of Quercics species, while forest has been defined by the presence of dense stands 
of shade-tolerant species such as Acer, Fraxinus, and Ulmus species. The lowland savannas 
of southeast Iowa did not appear to be dominated by Quercus species and, in fact, the upland 
savannas also did not appear to be exclusively dominated by Quercus species. These 
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findings are similar to several historical accounts and reports near the study area (Flagg, 
183 8; Thomas and Anderson, 1990). For example, Flagg (183 8) wrote about the Mississippi 
River near St. Louis, Missouri in the mid 1800' s. He compared the valley of the Mississippi 
to that of the Ohio River. He noted: "The sycamore, the elm, the linden, the cottonwood, the 
cypress, and other de-ciduous trees, may attain a greater diameter, but the huge trunks are 
more sparse and more isolated in recurrence". 
Savannas are generally believed to be structurally dominated by widely spaced, large 
diameter trees. However, in our study we found no clear trend between tree size and tree 
density across tree species for species typical of both uplands and lowlands. While by 
definition, trees were less dense in the savanna, these areas supported a mixture of both small 
(e.g. 8-18 cm) and large (e.g. 80-170 cm) diameter trees. Therefore, based on the GLO 
notes, tree size is not likely an accurate characteristic in distinguishing lowland savanna from 
lowland forest or for setting restoration goals. It is important to point out that the GLO 
records are only one `(snapshot in time" depicting only the vegetation present on the 
landscape during the survey and not necessarily reflecting patterns of succession or natural 
changes across the landscape (Whitney, 1986; Schulte & Mladenoff, 2001). Since large 
diameter shade-tolera~lt tree species historically occurred in lowland savanna, we recommend 
that tree thinning focus primarily on exotic tree species and selectively across native species 
rather than on any particular native species or any particular size of tree especially of 
remaining shade-toler;~nt species. 
Historical disturbance of lowland savannas 
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While fire primarily maintained upland savannas (Abrams, 1992), landscape position 
of lowland savannas suggests that flooding may have provided the primary maintenance 
mechanism. The GI,O notes for the study area represent only a brief window of time and did 
not provide direct evidence that flooding or fire maintained lowland savannas in southeast 
Iowa. There were no trends detected between tree densities or diameters and estimated 
flooding frequency. Perhaps the flooding frequency categories we used, which were based 
on presence and landscape position of alluvial soils, were not refined enough to detect such 
patterns. It has been demonstrated that scale is important in the distribution of floodplain 
vegetation (Dixon et al., 2002). 
Even though we did not test for fire on the landscape, and the GLO records did not 
provide historic fire descriptions, indirect evidence from our data and another study, suggest 
fire was historically prevalent in the study area. The presence of Quercus and Carya 
seedlings/saplings, which are fire-adapted species, in our study area were among the most 
frequently recorded species in the understory. Also, Baker et al. (1987) found direct 
evidence for fire two miles north of our study area in the form of charcoal fragments 
throughout a column of peat from samples dating back before Euro-American settlement. 
In sum, based on both tree density and surveyors' descriptions, lowland savannas 
were historically locally prevalent on alluvial soils in our study area; however they were 
compositionally and structurally different than current thinking about typical temperate 
savannas in the U.S. T~Iidwest. The historical distribution of lowland savanna has since been 
reduced to a few locations which have become degraded from human alteration (Dettman, et 
al., in prep). Our study suggests tree density may best characterize lowland savanna and aide 
in locating degraded remnants for restoration and management purposes, yet forest 
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encroachment makes it difficult to use this characteristic in locating lowland savannas on our 
modern landscape. t~ontrary to modern thought, tree species typical of both uplands and 
lowlands in our study area occurred in various sizes across various densities, e.g. the less 
dense savanna did not necessarily have larger trees. The data from our study do not suggest 
that flooding contributed to maintaining lowland savannas, although indirect evidence 
suggests that fire was present on the landscape. Perhaps fire and flooding acted together to 
maintain lowland savannas, but our conclusions are constrained by our methodology and 
limited information available from the GLO notes. As pointed out above, more research on 
flood regime and fire is needed to understand how these communities were historically 
maintained and woul~~ possibly aid in locating restoration sites. 
Restoring and managing lowland savannas 
As has been determined with most upland savannas and suggested for some lowland 
savannas, our study found that the Swamp White Oak (SWO) preserve was in fact degraded. 
Regionally, degradation has been attributed to invasion by Phalaris arundinacea (reed 
canary grass), forest encroachment, intense livestock grazing, and altered hydrological 
regimes (Curtis, 1959; Bray, 1960). This study suggested that invasion by P. arundinacea is 
a predominant factor i.n the degradation of the SWO understory, although without detailed 
historic data and a high quality current reference site, we are not able to draw additional 
conclusions about changes in understory composition since settlement. 
In general, burned plots had lowered tree density, but not significantly lowered mean 
basal area. Quercus s~~ecies were infrequent and of large stature where they occurred, while 
some shade-tolerant trees (Ulmus, Salix, and Betula species) were more frequent and of 
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smaller stature, but ~veren't, as a group, consistently associated with any treatment. Our 
study plots in general had few seedlings/saplings, especially Quercus species, which 
suggested that other restoration techniques e.g., tree planting, deer population control, etc., 
are needed to restore the overstory of lowland savannas. 
Burned plots had lower tree density, but only the plots dominated by P. arundinacea 
had increased light penetration. In general, prescribed burning of upland savannas and 
woodlands can remove fire-sensitive shrubs, seedlings, and saplings, encourages oak 
regeneration, and promotes grasses and herbaceous species in the understory (Brose et al., 
2001). While lowered tree density, increased light, and herbaceous understory richness 
and/or cover as a result of fire are well documented in upland savannas (White, 1983; Tester, 
1989; Bowles & McF;ride, 1998; Peterson &Reich, 2001), they have only weakly been 
suggested for lowland savannas (Ladd, D., pers. comm., TNC, 2005). Our findings suggest 
that, at least in the wc►odland treatments, either more time is necessary to detect significant 
differences or the effE;ct of fire on tree density is not what is increasing total richness of 
native species. It is possible instead that fire has direct effects on the understory herbaceous 
species as most benefit from the release of nutrients and the removal of ground litter for 
regeneration (Whitford, 1970). Low intensity fires often do not kill unwanted tree species in 
overgrown systems and infrequent fires may allow time for pre-burn conditions to reestablish 
(Anderson &Brown, 1986; Tester, 1989; Peterson &Reich, 2001; Signell, 2005). In 
addition, taking one hemispherical photo in the middle of each plot does not likely depict the 
scale at which herbaceous plants detect light, so we recommend that a more precise sampling 
protocol be followed in the future. We also recommend that prescribed fires be 
experimentally varied by frequency and season and the affects on light passing through the 
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canopy be monitored to better understand the potential for prescribed fire as a tool in lowland 
savanna restoration. 
This study suggested that using fire maybe an effective management tool for 
suppressing P. arundinacea and increasing native species richness in the herbaceous 
understory. Henderson (1990) had a similar result with prescribed fire in a degraded oak 
savanna in Wisconsi~~; however, he concluded that timing of fire may be important in 
managing P. arundinacea and reducing its dominance. He found that early spring burning 
in April did not control invasion and actually appeared to accelerate it. However, late spring 
burning in mid to late May reduced invasion by preventing seed set. 
In fact, recent research suggests that burning alone is not as effective in controlling P. 
arundinacea as protocols that involve burning and spraying with herbicide. A study in 
Oregon found that burning and mowing, separately or in combination, actually increased P. 
arundinacea dominance in wetlands. The authors recommended the use of black fabric to 
suffocate P. arundinacea or herbicide application for at least two, preferably three years in a 
row to control invasion (Tu & Salzer, 2005). Pavelio & Kilbride (2000) found that spraying 
with herbicide and disking one year, then following up with an additional herbicide 
application the next year, reduced P. arundinacea and resulted in higher diversity in wetlands 
in Washington. Similarly, Bohnen & Galatowitsch (2005) used herbicide application to kill 
P. arundinacea and prescribed burning to remove the excess litter followed by repeated spot-
spraying and broadca;~t herbicide spraying to restore a wetland in Minnesota. Armen et al. 
(2005) demonstrated 1:hat the selective herbicide Sethoxydim reduced P. arundinacea 
biomass by one-half after one year of treatment, however, follow-up treatments that same 
year did not further. reduce the total biomass. On the other hand, Paine & I~ibic (2002) found 
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that P. arundinacea was rare in riparian sites that were rotationally or continuously grazed in 
Wisconsin, perhaps a more natural control of invasion. Kercher & Zedler (2004) 
demonstrated that multiple factors (e.g. added nutrients, sediment deposition, flooding, etc.) 
working in combination increase invasion; hence, multiple management actions need to be 
instituted in order to suppress invasion. Continued burning will likely reduce P. arundinacea 
dominance in the opc~n areas of the SWO preserve, but does not appear likely to influence the 
woodland areas. It is our recommendation that rotational grazing along with fire continue at 
SWO in the areas dominated by P. arundinacea to obtain control of the current invasion. 
However, we strongly recommend that experimental techniques based on a mixture of 
herbicide application and burning be implemented and data be collected on the abundance of 
P. arundinacea and response of native fortis to determine the success of the control 
techniques in lowland savannas. 
This study also investigated the overall association of fire with floristic quality across 
the SWO preserve. Prescribed burning did appear to promote richness of generalist and 
conservative understory species as well as overall floristic quality, but only in the areas 
dominated by P. arundinacea. This was most likely a result from the near 50°Io reduction in 
cover of the invasive grass (Kost & DeSteven, 2000). Similarly, Kercher et al. (2004) found 
that hydrologic disturbance and P. arundinacea dominance, acting both independently and 
possibly interactively, were correlated with lowered diversity and mean coefficient of 
conservatism in wet rr~eadows in Wisconsin. In our study, the wooded areas had overall 
higher floristic quality regardless of burning, likely due to the lower cover of P. arundinacea. 
Perhaps over time, as fire continues to reduce P. arundinacea, more conservative native 
species will become reestablished and FQI values will increase, particularly in the P. 
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arundinacea domin;~ted areas. Therefore, we recommend that future prescribed fires be 
experimentally varied in frequency, intensity, and season of burn over time to gain insight 
into the best fire regime for managing and restoring lowland savannas and increasing the 
quality of herbaceous species. An increase in floristic quality may be detectable by 
following the protocol previously recommended for control of P. arundinacea, however, 
other restoration techniques may need to be employed in the woodland areas. 
Unexpectedly, high dominance of P. arundinacea was more strongly associated with 
high soil carbon and nitrogen at SW~ than fire or light. The carbon/nitrogen gradient had 
the strongest association with the variation in the species data, yet neither fire nor flooding 
appears to be driving; this gradient. While depth of inundation was measured in this study, 
the 2005 field season was one of severe drought and, thus, its effect was difficult to assess in 
one field season. Future studies should collect data on flooding and inundation over a longer 
time period to test their effect on the vegetation. This study did not allow us to determine the 
primary driver of the soil carbon/nitrogen gradient. 
Two unique areas, sand prairies (three) and a demonstration area burned and 
mechanically thinned!. (one), in the preserve were also included in this study in order to 
evaluate the success of management efforts by TNC. The small size of the sand prairies did 
not allow for replicated plots; so only general comparisons were nnade with the other 
treatments. The sand prairies had greater sedge richness along with overall native understory 
species richness. P. arundinacea cover was much less than in the other areas, but Poa 
pratensis (Kentucky bluegrass), another exotic species, appeared to be invading the sand 
prairies. This study d.id not allow us to draw conclusions as to why this was happening. Half 
of the shrub species from the preserve occurred on the sand prairies; however they had 
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relatively low cover values. Regular burning should help maintain low cover values and 
preserve the open structure of these communities; however, historic descriptions suggested 
shrubs were present across the landscape so the goal should not be to eliminate them. The 
overall FQI values for the sand prairie areas were generally higher than the P. arundinacea 
dominated areas, but slightly lower than the woodland areas. 
The small si;~e and experimental nature of the demonstration area did not allow for 
replicated plots either, but we included this in our study area to assess the effects of intense 
management on the vegetation. The demonstration area also had greater sedge richness 
along with overall native understory species richness in comparison to the other treatments. 
However, it also had. a high mean number of exotic species including P. arundinacea, Rosa 
multiflora (multiflora rose), and P. pratensis. Half of the shrub species from the preserve 
occurred in the demonstration area, however they had relatively low cover values. Regular 
burning should help maintain low cover values and preserve the open structure of these 
communities. However, we can not recommend both prescribed fire and mechanical 
thinning as a treatment without additional research. It is likely that the differences we 
observed at this site ~►vere due to chance alone. This treatment combination must be 
evaluated based on a:r~ adequate sample size that encompasses site specific variation across 
the preserve, as did t]ze fire treatments. Although the area had greater overall native richness 
compared to the other wooded plots, it also had greater richness of exotics. While the DA 
had the overall highest FQI value, it did not differ in richness of CC4 (conservative) species. 
Thinning should only focus on exotic tree species (Dettman et al., in prep) and burning may 
not prove to be impo~~tant based upon our previous findings (Dettman et al., in prep). 
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Finally, and perhaps most importantly, the effects of previous management on the 
SWO preserve were not ideally suited to creating a research design that would allow us to 
detect the effectiveness of management. This was due to thinning of trees that was not 
systematic, the variable frequency and season of prescribed fire, rotational grazing and 
mowing in portions of the preserve, and the lack of quantified data on pre-treatment 
conditions of the pre-serve. These factors make it difficult to evaluate treatment effects 
separately from underlying variation because we do not have "before" data to compare to 
current and future "after" data. On the other hand, the SWO preserve is ideally suited for 
implementing restoration-based management. For example, the permanent plots established 
during this study provide an ideal opportunity to periodically collect data and assess how 
species are responding to management. These data are essential so that mid-course 
corrections can be made. An effort should be made to coordinate research and management 
through long-term planning and monitoring. An adaptive management plan would allow for 
data collection and re:search to guide management and restoration (Folke et al., 2004; 
Cummings et al., 200►5). 
While suggestions regarding fire frequency and intensity did not develop from this 
study, the upland sav;~nna literature provides some insights. White (1983) found that annual 
burning for at least 1 ~; years or longer was necessary to restore historic savanna conditions in 
Minnesota. McClain (1993), Tester (1989), and Peterson &Reich (2001) all suggested 
annual, low intensity fires the first several years of restoration followed by fire every two to 
three years depending; on litter accumulation. These studies concluded that this type of fire 
regime increased native species richness, reduced shrub cover, and promoted oak 
regeneration, maintaining both prairie and oak forest species and the open savanna structure. 
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Historic literature for southeast Iowa suggests that fires occurred on parts of the landscape 
every one to two ye~~rs, however, data from the Midwest generally suggests historic fire 
return intervals around five to 20 years (Whitney, 1994; Batek et al., 1999). Several historic 
sources mention annual, usually autumnal, fires (Richman, 1911; Lewls, 1967; Baker et al., 
1987). However, de:r~drochronological data indicate that, historically, significant fire 
occurred in the Missouri Ozarks approximately every four years (Rimer, 2005). We 
recommend that TNt~ implement a fire regime with a two to four year frequency across most 
of the preserve, at least initially to reduce overgrown conditions, while experimentally 
varying fire frequency, intensity, and season of burn in portions of the preserve to determine 
the most effective fire plan for lowland savannas. We recommend that this fire regime be 
similar to the previously mentioned protocol for controlling P. arundinacea. 
Today, the range of lowland savanna has been restricted and remnants are highly 
degraded from anthrc►pogenic alteration of the landscape. Even so, lowland savannas are 
diverse communities with multiple gradients creating unique microhabitats and allowing for 
high species richness (Meisel, et al., 2002). Lowland savannas may be unique communities, 
not necessarily resembling upland savannas, and therefore may require different management 
than upland savannas (Meisel et al., 2002). Our study has led us to a similar conclusion. 
Altered hydrological regimes of lowland savannas, a factor usually not important in upland 
savanna restoration may be especially important to consider. Overall, this study detected 
minor differences in h~.istoric structure and composition between lowland savanna and upland 
savanna and floodplain forest. It is important to point out that we only analyzed one modern 
lowland savanna that 'was degraded and had a management plan that was difficult to 
overcome with our study design. It is critical in the future then, for land managers and 
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ecologists to focus on locating lowland savannas, assessing their floristic quality, and 
developing a restoration and monitoring plan in order to add information to the currently 
weak base of published literature. 
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APPENDIX A. CODES FOR SPECIES OCCURRING IN AT LEASE 35 PERCENT 
OF THE STUDY PILOTS AT THE SWAMP WHITE OAK PRESERVE, SOUTHEAST 
IOWA USED FOR THE NONMETRIC MULTIDIMENSIONAL SCALING (NMDS) 
ORDINATION. 
Code 
ANCA 
AS LA 
BOCY 
CHPR 
COCA 
CODR 
ELNY 
ELVI 
FUSE 
GAAP 
HAVI 
LEMA 
LYN U 
OXSP 
OXST 
PASP 
PHAR 
PHDI 
RAAB 
RAH I 
RHRA 
ROMU 
RUCK 
SMHI 
SOCA 
STTE 
TAO F 
VEPE 
VEUR 
VIRI 
VlSO 
Species 
Anemone ca►nadensis L. 
Symphyotrichum lanceolatum (VVilld.} Nesom ssp. 
lanceolatum var. lanceolatum 
Boehmeria cylindrica (L.) Sw. 
Chaerophyllum procumbens (L.) Crantz 
Conyza canadensis (L.) Cronq. 
Corpus drurr►mondii C. A. Mey. 
Ellisia nyctel~ea (L.) L. 
Elymus virginicus L. 
Eupatorium ~~erotinum Michx. 
Galium aparine L. 
Hackelia virginiana (L.) 1.M. Johnston 
Leonurus ma!rrubiastrum L. 
Lysimachia nummu/aria L. 
Oxalis spp. 
Oxalis stricta L. 
Parthenocissus spp. 
Phalaris arundinaceae L. 
Phlox divaricata L. 
Ranunculus abortivus L. 
Ranunculus i~ispidus Michx. 
Toxicodendron radicans (L.) Kuntze ssp. radicans 
Rosa mu/tiflora Thunb. ex Murr. 
Rumex crispus L. 
Smilax tamnc►ides L. 
So/anum carolinense L. 
Stachys tenuifolia W illd. 
Taraxacum o~`ficina/e G . H . Weber ex W iggers 
Veronica perE~grina L. 
Verbena urtic,ifolia L. 
Vitis riparia Michx. 
Viola sororia 1N i I Id . 
Common Name 
Canadian Anemone 
White Panicle Aster 
False-nettle 
Spreading Chervil 
Canadian Horseweed 
Roughleaf Dogwood 
Aunt Lucy 
Virginia Wildrye 
Lateflowering Throughwort 
Stickywiliy 
Beggarslice 
Lion's Taii 
Creeping Jenny 
Woodsorrel 
Common Yellow Oxalis 
Creeper 
Reed Canary Grass 
Wild Blue Phlox 
Littleleaf Buttercup 
Bristly Buttercup 
Eastern Poison Ivy 
Multiflora Rose 
Curly Dock 
Bristly Green-brier 
Carolina Horsenettle 
Smooth Hedgenettle 
Common Dandelion 
Neckweed 
White Vervain 
Riverbank Grape 
Common Blue Violet 
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APPENDIX B. CODES FOR SPECIES IN THE CYPERACEA FAMILY 
OCCURRING IN THE STUDY PLOTS AT THE SWAMP WHITE OAK PRESERVE, 
SOUTHEAST IOWA USED FOR THE NONMETRIC MULTIDIMENSIONAL 
SCALING (N1VIDS) ORDINATION. 
Code 
CAAG 
CABL 
CABR 
CACE 
CACO 
CADA 
CAEM 
CAFE 
CAGA 
CAGI 
CAG N 
CAGR 
CAJA 
CALA 
CALE 
CALU 
CAMO 
CAM U 
CAPR 
CARD 
CASA 
CASP 
CATE 
CATN 
CATR 
CATY 
CAVU 
CYFI 
ELCO 
ELOB 
ELPA 
SCAT 
Species 
Carex aggregata Mackenzie 
Carex b/anda Dewey 
Carex brevic►r (Dewey) Mackenzie ex Lunell 
Carex cephalophora Muhl. ex Willd. 
Carex conjuncta Boott 
Carex davisii Schwein. & Torr. 
Carex emoryi Dewey 
Carex festucacea Schkuhr ex Willd. 
Carex gravia'a Bailey 
Carex grisea Wahlenb. 
Carexgranu~'aris Muhl. ex Willd. 
Carex grayi Carey 
Carex james.ii Schwein. 
Carex /aevic~~nica Dewey 
Carex lea very worthii Dewey 
Carex /upulina W i l ld . 
Carex moles~fa Mackenzie ex. Bright 
Carex muskingumensis Schwein. 
Carex projecta Mackenzie 
Carex rosea Schkuhr ex Willd. 
Carex sparganioides M u h l. ex W i l Id . 
Carex sprengelii Dewey ex. Spreng. 
Carex tenera Dewey var. tenera 
Carex tenera Dewey var. echinoides (Fern.) Wieg. 
Carex tribu/oides Wahlenb. 
Carex typhin~~ M ichx. 
Carex vu/pinoidea Michx. 
Cyperus filicG►Imis Vahl. 
E/eocharis cc►mpressa Sullivant 
E/eocharis o~►tusa (VVilld.) J.A. Schultes 
E/eocharis pG~lustris (L.) Roemer & J.A. Schultes 
Scirp us a tro virens W i l l d. 
Common Name 
Glomerate Sedge 
Eastern Woodland Sedge 
Shortbeak Sedge 
Oval-leaf Sedge 
Soft Fox Sedge 
Davis' Sedge 
Emory's Sedge 
Fescue Sedge 
Heavy Sedge 
Sedge 
Limestone Meadow Sedge 
Gray's Sedge 
James' Sedge 
Smoothcone Sedge 
Leavenworth's Sedge 
Hop Sedge 
Troublesome Sedge 
Muskingum Sedge 
Necklace Sedge 
Rosy Sedge 
Burr Reed Sedge 
Sprengel's Sedge 
Remote Sedge 
Remote Sedge 
Blunt Broom Sedge 
Cattail Sedge 
Fox Sedge 
Great Plains Flatsedge 
Flatstem Spikerush 
Blunt Spikerush 
Common Spikerush 
Green Bulrush 
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APPENDIX C: LIr~EAR REGRESSIONS OF TREE DENSITY A►ND TREE 
DIAMETER FOR 'THE TI~[REE OVERALL MOST IMPORTANT WITNESS TREE 
SPECIES (A-C) ArTD THE TI~[REE MOST IMPORTANT SHADE-TOLERANT 
WITNESS TREES SPECIE5 (D-F) ACROSS THE LO~'VER CEDAR RIVER 
VALLEY, SOUTHEAST IOWA. 
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APPENDIX D: SLT~:VEYORS' DESCRIPTIONS OF POINTS FROM THE GENERAL 
LAND OFFICE SURVEY FOR THE LOWER CEDAR RIVER VALLEY, 
SOUTHEAST IOWA, 1836-1838. 
Surveyors' Point De;~cription # of points Surveyors' Point Description # of points 
Barrens, Timber Barrens 69 Pond 173 
Branch 127 Prairie 1526 
Bluff 126 Quagmire 4 
Bank 372 Stone Quarry 2 
Bottom 54 Ravine 1 
Bench 17 Road 97 
Brook 98 Ridge 2 
Brush 2 Run 46 
Bayou 7 River 150 
Cabin 27 Timber scattering or scarce, 
scattering trees or brush 
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Creek 227 Sandy Land 4 
Indian Diggings 2 Sinkhole 4 
Dry Land 3 Sand Prairie 1 
Drain 3 Spring 33 
Field 89 Stream 97 
Fen 9 Savanna 59 
Garden 4 Swamp 33 
Glade 6 Thicket 11 
Grass 1 Timber 966 
Grove 72 Trai I, Path 116 
Hill 201 Thin Timber 68 
House 15 Town 3 
Hazel Brush 3 Valley 1 
Island 31 Woodland 12 
Lagoon 5 Wigwam 2 
Mound 2 Wet Prairie 58 
Marsh 254 Water 7 
Plains 9 
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APPENDIX E: THE MOST FREQUENT AND DOMINANT WITNESS TREES, 
LISTED BY COMII~IUNITY TYPE, RECORDED BY GENERAL LAND OFFICE 
SURVEYORS IN THE LOWER CEDAR RIVER VALLEY, SOUTHEAST IOWA, 
1836-1838. 
Upland Savanna 
Dominance {%) 
Lowland Savanna 
Dominance (%) 
Lowland Forest 
Dominance {%) Species 
Celtis occidentalis 0.45 1.26 6.01 
Fraxinus americana 0.50 1.43 0.77 
Fraxinus nigra 0.52 0.08 0.00 
Fraxinus pennsylvanica 0.67 0.00 ~ 0.41 
Juglans nigra 2.32 0.00 0.00 
Platanus occidentalis 1.14 4.38 4.99 
Populus deltoides 8.31 6.80 13.58 
Quercus a/ba 18.44 37.21 19.67 
Quercus imbricaria 0.65 1.21 1.02 
Quercus macrocarpa 18.30 7.33 13.65 
Quercus m uehlenbergii 2.33 4.33 0.00 
Quercus rubra 4.38 3.79 4.08 
Quercus velutina 20.13 9.88 10.45 
Tilia americana 2.63 0.93 0.45 
U/mus americana 1.79 2.35 1.31 
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APPENDIX F: WITNESS TREE SPECIES RECORDED BY GENERAL LAND 
OFFICE SURVEYC)RS ACROSS THE LOWER CEDAR VALLEY, SOUTHEAST 
IOWA, U.S.A. 1836-1838. 
Witness Tree Species Surveyor's Common Name Database Code 
Acer negundo 
Acer saccharinum 
Acer saccharum 
Acer spp. 
Betula nigra 
Betula spp. 
Carya cordiformis 
Carya laciniosa 
Carya spp. 
Carya spp. 
Celtis occidentalis 
Cercis canadensis 
Crataegus spp. 
Fraxinus nigra 
Fraxinus americana 
Fraxinus pennsylvanica 
Fraxinus quadrangulata 
Fraxinus spp. 
Fraxinus spp. 
Gleditsia triacanthos 
Gymnocladus dioicus 
Juglans nigra 
Juniperus virginiana 
Morus rubra 
Ostrya virginiana 
Platanus occidentalis 
Populus deltoides 
Populus hybrid ** 
Populus spp. 
Quercus alba 
Quercus imbricaria 
Quercus macrocarpa 
Quercus muehlenbergii 
Quercus palustris 
Quercus rubra 
Quercus spp. 
Quercus stellata 
Quercus velutina 
Salix spp. 
Tilia americana 
Tilia spp. 
Ulmus americana 
Ulmus rubra 
Ulmus spp. 
Boxelder 
W. Maple 
Sugar Tree 
Maple 
Water birch 
Birch 
B . Hickory 
White Hickory 
Hickory 
Black Hickory 
Hackberry 
Redbud 
Thorn, W. Thorn, White Thorn 
Black Ash 
White Ash 
Green Ash 
Blue Ash 
Ash 
Gray Ash 
Honey Locust, Locust 
Coffee Tree 
Black Walnut 
Red Cedar 
Mulberry 
Ironwood 
Sycamore 
Cottonwood 
Balm of Gilead 
Aspen 
White Oak 
Jack Oak 
Bur Oak 
Yellow Oak 
Spanish Oak 
Red Oak 
Oak 
Post Oak 
Black Oak, B. Oak 
Willow 
Lynn, Linn 
China Tree 
White Elm 
Red Elm 
Elm 
BX 
WZ 
ST 
MP, MS 
WB 
BI 
BH 
WH 
HI 
CH 
HB 
RB 
TH 
CA 
WA 
GS, GB 
BZ 
AS 
GA 
LC, HC 
CF 
BW 
RC 
MB 
ID 
SY 
CW 
BL 
AP 
WO 
JO 
BO 
YO 
SO 
RO 
OK 
PK 
CO 
WL 
LN 
CN 
WM 
RE 
EL 
** Populus deltoides x Populus balsamifera hybrid. 
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